Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

5-13-2022

Food insecurity and depression among US adults: The National
Health and Nutrition Examination Survey
Nicole Reeder
Mississippi State University, nr657@msstate.edu

Follow this and additional works at: https://scholarsjunction.msstate.edu/td
Part of the Nutritional Epidemiology Commons

Recommended Citation
Reeder, Nicole, "Food insecurity and depression among US adults: The National Health and Nutrition
Examination Survey" (2022). Theses and Dissertations. 5497.
https://scholarsjunction.msstate.edu/td/5497

This Dissertation - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v4.1 (beta): Created by L. Threet 11/15/19

Food insecurity and depression among US adults: The National Health and Nutrition
Examination Survey
By
TITLE PAGE
Nicole Reeder

Approved by:
Terezie Tolar-Peterson (Major Professor)
R. Hartford Bailey
Wen-Hsing Cheng
Marion W. Evans, Jr.
Wen-Hsing Cheng (Graduate Coordinator)
Scott T. Willard (Dean, College of Agriculture and Life Sciences)

A Dissertation
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy
in Nutrition
in the Department of Food Science, Nutrition, and Health Promotion
Mississippi State, Mississippi
May 2022

Copyright by
COPYRIGHT PAGE
Nicole Reeder
2022

Name: Nicole Reeder
ABSTRACT
Date of Degree: May 13, 2022
Institution: Mississippi State University
Major Field: Nutrition
Major Professor: Terezie Tolar-Peterson
Title of Study: Food insecurity and depression among US adults: The National Health and
Nutrition Examination Survey
Pages in Study: 74
Candidate for Degree of Doctor of Philosophy
Food insecurity has long been a global challenge associated with negative health
outcomes. The spectrum of food insecurity corresponds to a spectrum of negative health
outcomes that range from kwashiorkor and marasmus to obesity and chronic disease. The burden
of food insecurity is a stressor that additionally negatively effects mental health. In this study, the
relationship between food insecurity and mental health was examined using data from the
National Health and Nutrition Examination Survey (NHANES). Food insecurity was assessed
with the 18-item United States Food Security Survey Module, and participants were classified
into one of four categories based on their responses: (1) full food security (FFS), for households
with no concerns related to obtaining adequate food, (2) marginal food security (MFS), for
households that occasionally had problems obtaining adequate food, (3) low food security (LFS),
for households that had to reduce the quality, variety, or desirability of the food they ate, and (4)
very low food security (VLFS), for households where at least one member had their food intake
reduced due to a lack of money for food. Food insecurity survey scores were classified as FFS if
zero affirmative responses were reported, MFS for 1 or 2 affirmative responses, LFS for 3 to 5
affirmative responses, and VLFS for 6 to 10 affirmative responses. Depression was assessed with

the Patient Health Questionnaire-9 with scores ≥10 indicating depression. Data were analyzed
from 28,448 adults aged 20 and older who participated in NHANES from 2005 to 2016. Food
insecurity was present in 19.2% of the sample population (n=5,452). Food security status was
significantly associated with gender, race, education level, marital status, smoking status, and
BMI (Rao-Scott chi-square, p<0.05). Adults with FFS and VLFS experienced depression at rates
of 5.1% and 25.8%, respectively. Participants with VLFS had a significantly greater odds of
depression than FFS adults, OR=3.50 (95% CI: 2.98, 4.12). These findings suggest that food
insecurity is a significant risk factor for depression among US adults. To address this issue in our
citizenry, policy initiatives and public health interventions addressing both food access and
mental health should be prioritized.
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CHAPTER I
INTRODUCTION
Food insecurity is the state of having limited or uncertain access to adequate food
(Coleman-Jensen et al., 2021). Over the past 20 years, the rate of adult food insecurity in the
United States (US) has persistently hovered around 10 to 15% of households (Coleman-Jensen et
al., 2021). Certain populations have significantly higher rates of food insecurity in the US,
including households with young children, non-Hispanic Black households, and Hispanic
households (Coleman-Jensen et al., 2021). Food insecurity is closely tied to poverty, and the
persistence of food insecurity is related to under- and unemployment, high housing costs relative
to income, lack of access to food assistance programs, and high medical and healthcare costs
(The U.S. Conference of Mayors, 2016). Individuals living just above the poverty line can
experience unexpected life events, i.e., home or car repair, unexpected medical diagnoses, or the
loss of employment which can cause temporary food insecurity. People in these situations can
suddenly become faced with decisions of spending their limited financial resources on food or on
other unplanned immediate expenses.
Research has shown that individuals who are food insecure are at an increased risk of
developing chronic diseases and spend an additional $1,863 per year on medical expenses
compared to food secure individuals, equating to an additional $77.5 billion in healthcare
expenditures annually (Berkowitz et al., 2018; Seligman et al., 2010). Food insecurity has been
linked to an increased risk of cardiovascular disease, type 2 diabetes, hypertension, dyslipidemia,
1

and metabolic syndrome, highlighting the public health impact of food insecurity (Fitzgerald et
al., 2011; Holben & Pheley, 2006; Irving et al., 2014; Myers et al., 2019; Parker et al., 2010;
Seligman et al., 2010; Sun et al., 2020; Tayie & Zizza, 2009). In addition to physical health,
mental health disorders such as depression are also increasingly being linked to food insecurity.
Food insecurity and depression have been found to coexist in certain populations such as among
individuals living with or at risk for HIV/AIDS (Davey-Rothwell et al., 2014; Kapulsky et al.,
2015; Tsai et al., 2012), college students (Becerra & Becerra, 2020; Payne-Sturges et al., 2018;
Raskind et al., 2019; Reeder et al., 2020; Wattick et al., 2018), and women who are pregnant or
mothers of young children (Cook et al., 2013; Hromi-Fiedler et al., 2011; Huddleston-Casas et
al., 2009; Laraia et al., 2006; Lent et al., 2009).
Clinical depression is different from sadness and normal day to day fluctuations in mood.
Clinical depression is diagnosed based on experiencing a depressed mood or loss of interest in
activities for at least two weeks (American Psychiatric Association, 2020). Individuals with
clinical depression will also commonly experience weight gain or weight loss, insomnia or
hypersomnia, being noticeably restless or slow, fatigue, feelings of worthlessness, decreased
concentration, and/or thoughts of death or suicide (American Psychiatric Association, 2020).
Depression is one of the largest contributors to disability globally (World Health Organization,
2017), and affects about 8% of adults in the US (Brody et al., 2018; Hasin et al., 2018).
Individuals living in poverty are disproportionally affected by depression, and women with
household incomes less than 100% of the federal poverty level (FPL) have the highest rate of
depression in the US (Brody et al., 2018). While rates of depression and food insecurity are both
higher among individuals living in poverty, there is some evidence that food insecurity is
associated with mental health independent of poverty level. Research has indicated that food
2

insecure adults with household incomes at or below 130% of the FPL have greater odds of
depression than food secure adults who are at or below 130% of the FPL (Leung et al., 2015).
Among older adults, food insecurity has been shown to be a stronger predictor of depressive
symptoms than financial difficulty, having an unmet health need, or having inadequate housing
(Johnson et al., 2011), suggesting that food insecurity may be a particular component of living in
poverty that places the greatest strain on mental health.
The mental health burden from living with food insecurity is not to be unexpected:
Individuals with food insecurity may feel stress from not knowing where their next meal will
come from, shame or alienation from relying on food assistance, or guilt from acquiring food in
socially unacceptable ways. Individuals with food insecurity also commonly have less social
support, which is another risk factor for depression (Kollannoor-Samuel et al., 2011). It remains
unknown, however, how generalizable the association between food insecurity and depression is
among US adults, and how much of this association may be attributed to poverty or other factors.
The objective of this dissertation research was thus to examine food insecurity and depression
among a nationally representative sample of U.S. adults, using a wide range of data available
from the National Health and Nutrition Examination Survey.
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CHAPTER II
LITERATURE REVIEW
Food Insecurity and Hunger
Food insecurity is a complex global challenge with many contributing causes and
extensive consequences for individuals and communities plagued by an uncertain or unstable
availability of food. According to the Committee on World Food Security of the United Nations,
food insecurity exists when people lack adequate physical, social, or economic access to
sufficient, safe, and nutritious food that meets their food preferences and dietary needs for an
active and healthy life (Committee on World Food Security, 2012). Broadly, food security can be
described by its four key pillars: availability, access, utilization, and stability (Food and
Agriculture Organization of the United Nations, 2009). Availability refers to the necessity of
having a reliable and consistent supply of sufficient quantities of food; food access requires that
individuals have the resources, monetary or otherwise, necessary to acquire available food or
produce their own; and utilization requires that food be safely and efficiently processed, handled,
and distributed in a manner that promotes sound nutrition. The last component, stability,
highlights the importance of the first three components to be always in place, for all people, and
for the food supply chain to be resistant to acute stressors. If any of the four pillars becomes
compromised, food insecurity results and individuals become vulnerable to malnutrition. In
defining food insecurity, it must be noted that food insecurity is a distinct and separate entity
than hunger. While food insecurity denotes an economic and social condition, hunger is a
4

physiological condition that is experienced at the individual level. Hunger can more specifically
be described as a physical feeling of discomfort, weakness, or pain that results from a lack of
food intake (Anderson, 1990). Monitoring food insecurity, and not strictly hunger, is essential
because by the time a person experiences hunger, they have likely already been adversely
affected by food insecurity. Thus, food insecurity is an important risk factor for hunger, but food
insecurity can exist without the presence of hunger.
Food Insecurity in the United States
In the US, food insecurity is defined as a household-level economic and social condition
of having limited or uncertain access to adequate food (United States Department of Agriculture
Economic Research Service, 2020a). The United States Department of Agriculture (USDA) has
been monitoring food insecurity in the US on an annual basis since 1995 (United States
Department of Agriculture Economic Research Service, 2020b). Each year, approximately
40,000 households are carefully selected and administered the national food security surveys to
obtain nationally representative data on rates of household food insecurity in the United States
(United States Department of Agriculture Economic Research Service, 2020c). These surveys
are administered as a supplement to the Current Population Survey conducted by the Bureau of
the Census. Based on household’s responses to these surveys, the USDA has defined four levels
of food security under which households can be characterized. These are: (1) high food security,
where the household has no problems with or anxiety about obtaining adequate food, (2)
marginal food security, where the household occasionally had problems or anxiety about
obtaining adequate food, but did not have to alter the quality, variety, or quantity of food they
ate, (3) low food security, where the household had to reduce the quality, variety, or desirability
of the food they ate, but did not have to change the quantity of food they ate, and (4) very low
5

food security, where at least one member of the household had their eating patterns disrupted and
food intake reduced due to a lack of money for food (United States Department of Agriculture
Economic Research Service, 2020a). These four categories are often collapsed into two, where
households with high or marginal food security are classified as food secure, and households
with low or very low food security are classified as food insecure. Using these definitions and
categories, food insecurity in the US can be measured and discussed in a standardized manner.
Over the past 20 years, rates of food insecurity in the US have remained relatively
unchanged. In 2001, the food insecurity rate, including low, and very low food security, in the
US was 10.7%, and the rate of very low food security was 3.3%. The rate of food insecurity
jumped to 14.6% during the Great Recession of 2008, during which time the rate for very low
food security also jumped to 5.7% (United States Department of Agriculture Economic Research
Service, 2019). Since then, food insecurity rates gradually tapered back to pre-recession levels,
as demonstrated in the most recently available data from 2020. In 2020, 10.5% of US
households, or 13.7 million households, were food insecure at some point throughout the year,
and of those food insecure households, 6.6% had low food security, and 3.9% had very low food
security (Coleman-Jensen et al., 2020). While the magnitude of 13.7 million households
experiencing food insecurity is certainly significant, we should also pause to consider this in the
context of food security on a global scale.
Food insecurity in the US is unique given that the US is one of the most food secure
countries in the world. The US produces more food each year than it needs for domestic
consumption, and the US is a net exporter of food (United States Department of Agriculture
Economic Research Service, n.d.). The US is the world’s leading exporter of food products,
having exported 85.4 million USD worth of food products in 2018 (World Integrated Trade
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Solution, n.d.). Further, in 2019, the US was ranked third in the world for food security, behind
Singapore and Ireland (The Economist Group, n.d.). Thus, while food insecurity does exist
within the US, it is to a considerably smaller degree than that experienced by much of the rest of
the world. Additionally, the factors that contribute to food insecurity in the US are different than
those that come to mind when thinking of countries with more severe food insecurity, such as
corruption, political instability, poor agricultural infrastructure, and a low gross domestic product
per capita.
In the US, food insecurity is caused by under- or unemployment, high housing costs,
poverty, lack of access to food assistance programs such as the USDA Supplemental Nutrition
Assistance Program (SNAP), and high medical or healthcare costs (The U.S. Conference of
Mayors, 2016). The association between poverty and food insecurity is extremely significant. In
2019, 34.9% of households with annual incomes below the federal poverty line were food
insecure, compared to just 5.1% of those with incomes at or above 185 percent of the poverty
line (Coleman-Jensen et al., 2020). Even for individuals living above the poverty line, it can be
easy to temporarily experience periods of food insecurity due to unexpected life events such as a
home or car repair, an unexpected medical diagnosis, or the loss of one’s job. Each of these
events can cause a person who was only marginally financially secure before, to suddenly have
to make decisions on whether to spend money on food or on other immediate expenses.
Food insecurity is also more likely in certain demographic groups in the US. Households
most likely to experience food insecurity in 2019 were households with children headed by a
single woman (28.7%), non-Hispanic Black households (19.1%), and Hispanic households
(15.6%), followed by households with children headed by a single man (15.4%), and households
with children under the age of 6 (14.5%) (Coleman-Jensen et al., 2020). Conversely, households
7

with demographics who experience food insecurity at rates below the national average include
households with more than one adult and no children (6.7%), households with elderly persons
(7.2%), married couple families with children (7.5%), and households headed by non-Hispanic
White adults (7.9%) (Coleman-Jensen et al., 2020). Food insecurity rates also vary based on
geographic location in the US. Households in large cities and rural areas are more likely to
experience food insecurity than households in suburban areas, and food insecurity rates vary
significantly across states. In 2019, Mississippi had the highest rate of food insecurity in the
nation, with 15.7% of its households reporting food insecurity in the past year. Mississippi also
had the second highest number of households experiencing very low food security at 6.2%, with
only Louisiana having a greater number of households with very low food security at 7.0%.
Mississippi’s food insecurity rate in 2019 was more than double that of New Hampshire’s, who
had the lowest rate of household food insecurity at 6.6% (Coleman-Jensen et al., 2020). Hence,
looking at this data, a national average of 10.5% of households experiencing food insecurity,
with little progress made in the past 20 years to reduce this statistic, food insecurity undoubtedly
remains a challenge in the US.
One population not specifically considered by the USDA’s household food security
monitoring surveys but that has received a lot of attention in the media and academic literature is
college students. Two recent systematic reviews found the rate of food insecurity among college
students to be 42% (Bruening et al., 2017) and 43.5% (Nazmi et al., 2019), respectively, which is
significantly higher than the national average of 10.5% of households. Offering a lower estimate,
a recent study on food insecurity conducted across eight land grant institutions located in Florida,
Maine, Tennessee, Alabama, South Dakota, Kansas, New York, and West Virginia, found a food
insecurity rate of 19% (El Zein et al., 2019). Contrary to that, a recent study of food insecurity
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among students at Mississippi State University, another land grant institution, found the
prevalence of food insecurity to be approximately 38% (Reeder et al., 2020). The stark
differences in food insecurity rates found among these studies can be partially attributed to
heterogeneity in the study populations. Bruening and colleagues considered studies from any
post-secondary institutions, US-based or international, including vocational schools, community
colleges, and four-year institutions (Bruening et al., 2017), while Nazmi and colleagues only
included post-secondary schools in the US, but included studies on both community colleges and
four-year institutions (Nazmi et al., 2019). Finally, the much higher prevalence of food insecurity
among students at Mississippi State University compared to other land grant universities is likely
related to the fact that Mississippi is the most food insecure state in the nation (Coleman-Jensen
et al., 2020). Thus, while a wide range of estimates on the rate of food insecurity among college
students have been published, it stands that the food insecurity rate among college students is
likely greater than the national average. Specific sub-populations of college students who may be
at a higher risk of food insecurity include those at two-year institutions, those of a racial or ethnic
minority, lesbian, gay, bisexual, transgender, and queer or questioning (LGBTQ) students,
students with prior military service, former foster youth, students with prior criminal convictions,
students from low-income families, students receiving multiple forms of financial aid, and
students who are financially independent from their parents (Goldrick-Rab et al., 2019; PayneSturges et al., 2018). Thus, college students, a unique subset of adults in the US, also experience
food insecurity at a significant rate.
The implications of food insecurity in the US extend beyond economic consequences.
Food insecurity also impacts the health of our nation. Individuals who are food insecure are at an
increased risk of developing chronic diseases and spend an additional $1,863 per year on medical
9

expenses compared to food secure individuals, equating to an additional $77.5 billion in
healthcare expenditures annually (Berkowitz et al., 2018; Seligman et al., 2010). Efforts to study
the relationships between food insecurity and health outcomes are important as a means to: (1)
define the scope of the challenges brought on by food insecurity, and (2) to provide new insights
that may help in developing interventions to improve the health of low-income communities.
Food Insecurity and Physical Health
Food is a basic human right (United Nations, 1948). It is necessary to sustain life and
promote health, and it is part of one's cultural and social identity. Without food, physical and
mental health is negatively affected. At the most extreme end of the physical effects of hunger
and food insecurity is protein-energy malnutrition, which includes kwashiorkor, a severe
deficiency of protein, and marasmus, a severe deficiency of energy. Kwashiorkor and marasmus
are common consequences of food insecurity in low-income countries. Children under five years
of age are at the greatest risk, and these conditions increase a child's susceptibility to infection
and death. In low-income countries, approximately 45% of deaths among children less than five
years of age can be attributed to undernutrition (World Health Organization, n.d.-a). Conversely,
in the US, undernutrition is more likely to be seen in adults than in children, and kwashiorkor
and marasmus are exceedingly rare. In 2016, the incidence rate of childhood wasting in the US
was just 0.4%, compared to an average incidence rate of 6.4% among low- and middle-income
countries in 2017 (Kinyoki et al., 2020; World Health Organization, n.d.-b). When we do see
undernutrition in the US, it is often in older adults. Undernutrition occurs in 5-10% of older
adults residing in nursing homes in the US, and up to 50% of older adults who are discharged
from a hospital (Morley, 2012). The causes of this are primarily related to the aging process (for
example, the "anorexia of aging", medications that suppress appetite, cancer cachexia, and
10

sarcopenia) and not food insecurity; though, food insecurity in older adults may exacerbate these
issues if present.
Perhaps paradoxically, what we see most often in the US is food insecurity associated
with overnutrition and obesity. The link between hunger and obesity in the US was first formally
documented in 1995 by Dietz, a physician who reported on a case study of a seven-year-old girl
who was 220% of her ideal body weight and lived in a highly food insecure household (Dietz,
1995). The young girl lived with her mother who relied on monthly food stamps to feed her and
her daughter. Her mother reported buying high fat foods during periods of the month when
money was scarcest in an effort to prevent hunger, which Dietz hypothesized may explain the
child's obesity in a state of food insecurity. Since 1995, the question of whether food insecurity
and obesity are indeed related has been explored at length. Associations between food insecurity
and overweight/obesity have consistently been found among different populations in the US;
however, it appears that the link is the strongest among women, with findings somewhat more
inconsistent among men and children (Adams et al., 2003; Baer et al., 2018; Metallinos-Katsaras
et al., 2012; Myers et al., 2020; Pan et al., 2012; Townsend et al., 2001; Wilde & Peterman,
2006). Coinciding with an increased risk of overweight and obesity, adults with food insecurity
are also at an increased risk for developing chronic diseases. Previous research has found food
insecurity to be associated with an increased risk of cardiovascular disease, type 2 diabetes,
hypertension, dyslipidemia, and metabolic syndrome (Fitzgerald et al., 2011; Holben & Pheley,
2006; Irving et al., 2014; Myers et al., 2019; Parker et al., 2010; Seligman et al., 2010; Sun et al.,
2020; Tayie & Zizza, 2009). Emerging evidence also suggests food insecurity is associated with
increased mortality (Banerjee et al., 2020; Men et al., 2020; Men & Tarasuk, 2020; Sun et al.,
2020).
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There are a number of proposed ways in which food insecurity may lead to an increased
risk of obesity and chronic disease. One contributing factor is the high availability of
convenience foods in low-income communities, which tend to be energy-dense, but not nutrientdense (Cavanaugh et al., 2013). Differences such as this in food environment may contribute to
differences in food intake. There is some evidence to suggest that food insecure adults consume
more high fat dairy, salty snacks, sugar sweetened beverages, and less vegetables than food
secure adults (Dixon et al., 2001; Leung et al., 2014). Additionally, food insecure adults tend to
have inadequate intakes of a number of beneficial nutrients including vitamin A, carotenoids,
folate, iron, calcium, and magnesium (Dixon et al., 2001; Kirkpatrick & Tarasuk, 2008).
Differences in food purchasing between food insecure and food secure households have also
been observed (French et al., 2019).
In rural, urban, and low-income neighborhoods, access to supermarkets may be limited
due to the built neighborhood environment and/or limited public transportation availability
(Powell et al., 2007; Zenk et al., 2005). In these areas, households are more likely to need to rely
on small, independent convenience stores for their food purchases, which tend to offer mostly
shelf-stable, energy dense, pre-packaged foods, and minimal fresh fruits and vegetables (Caspi et
al., 2017; Pitt et al., 2017). This food environment may contribute to an increased intake of
energy, and a concurrent inadequate intake of nutrients which are protective against chronic
disease (Bodor et al., 2008; Morland et al., 2002). Coupled with the greater cost associated with
healthier foods, (Kern et al., 2017) differences in food purchasing and food intake between lowincome and higher income households does not come as a surprise. Other factors that may
contribute to adults with food insecurity having an increased risk of obesity and chronic disease
are chronic stress, and having less nutrition knowledge, less time, and less money and other
12

resources for obtaining and preparing healthy foods and partaking in physical activity
(Dhurandhar, 2016; Hale et al., 2012; Leung & Zhou, 2020; Vitaliano et al., 2002). Food
insecure households face many of these challenges, all of which contribute to detrimental health
and increase the risk of chronic disease and mortality.
Food Insecurity and Mental Health
Not all health consequences associated with food insecurity are directly related to underor overnutrition. Mental health disorders, such as depression and anxiety, are increasingly being
linked to food insecurity, and this association appears to be universal. Globally, individual-level
food insecurity has been associated with poorer scores on mental health indices in a doseresponse fashion (Jones, 2017). One of the most common mental illnesses seen worldwide is
depression. Depression is different from sadness and normal day to day fluctuations in mood that
can occur as a response to challenges in life. Clinical depression is diagnosed based on
experiencing a depressed mood or loss of interest in activities for at least two weeks, along with
at least four of the following: weight gain or weight loss, insomnia or hypersomnia, being
noticeably restless or slow, fatigue, feelings of worthlessness, decreased concentration, and/or
thoughts of death or suicide (American Psychiatric Association, 2020).
Depression effects more than 254 million people worldwide (James et al., 2018). In the
US, the prevalence of depression is about 8%, and women are affected at almost twice the rate of
men (Brody et al., 2018; Hasin et al., 2018). By race, minorities are generally reported to have
equal or better mental health compared to the White population in the US, with the lowest
prevalence of depression being found among Asian Americans, and relatively similar rates
among African Americans, Hispanics, and Whites (Brody et al., 2018; Hasin et al., 2018).
Depression prevalence does not differ significantly by age group in the US; though, contrary to
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popular belief, the prevalence of depression tends to be lower among older adults ages 65+
compared to younger adults (Brody et al., 2018; Hasin et al., 2018). The high prevalence of
depression is one reason why it poses a significant public health concern. In 2017, the World
Health Organization ranked depression as the single largest contributor to global disability
(World Health Organization, 2017). Depression additionally poses a great economic burden due
to greater use of healthcare resources and reduced work productivity (Egede et al., 2016; Grazier,
2019). Between 2005 and 2010, the economic burden of depression increased by 21.5%, from
$173.2 billion to $210.5 billion (Greenberg et al., 2015). Just four years later, in 2014, the annual
average healthcare cost associated with depression was estimated to be $238.3 billion (Egede et
al., 2016).
A link between food insecurity and depression fundamentally makes sense. Food
insecurity is an inherently stressful state. There is a stress response to not knowing where one’s
next meal will come from, and individuals may additionally experience feelings of shame or
alienation related to relying on food assistance, or feelings of guilt from acquiring food in
socially unacceptable ways. Other psychosocial stressors present in one’s life may also be
amplified in the presence of food insecurity. Individuals with food insecurity may have less
social support as well, which is another risk factor for depression (Kollannoor-Samuel et al.,
2011). Adding to this, the relationship between food insecurity and depression is likely bidirectional, where food insecurity increases the risk of depression, but depression can also
increase the risk of food insecurity.
Most studies published on food insecurity and depression are cross-sectional, but the few
longitudinal studies that have been conducted offer evidence for depression also increasing the
risk for food insecurity. For example, in one study of 29 very low income families from rural
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upstate New York, depressive symptoms in mothers decreased the likelihood that the family
would become food secure within three years’ time, with this relationship being mediated by the
depressed person having a limited ability to work or hold a job, the depressed person causing
another family member to be unable to work, and children’s mental health problems causing
difficulty in finding childcare (Lent et al., 2009). Similarly, in a study of 1,690 low income
mothers from urban areas, mothers who had depression at baseline were twice as likely to report
food insecurity at the five-year follow up compared to mothers who reported no depression at
baseline (Hernandez et al., 2014). Another longitudinal study found that, among low income
mothers, having depression and participating in the WIC program was associated with an
increased likelihood of being food insecure 15 months later, compared to having depression and
not participating in the WIC program at baseline; though, this same study also found that
participating in the SNAP program did not significantly modify the relationship between
maternal depression and food insecurity in any way (Garg et al., 2015). Regardless, having
depression at baseline meant being more likely to be food insecure 15 months later.
As mentioned previously, to date, much of the research examining food insecurity and
depression has not been longitudinal, but rather, cross-sectional. Many of these studies have also
had relatively small sample sizes and/or assessed food insecurity and depression in very specific
subpopulations. For example, numerous studies have suggested that food insecurity and
depression are highly correlated among individuals living with or at risk for HIV/AIDS (DaveyRothwell et al., 2014; Kapulsky et al., 2015; Tsai et al., 2012), college students (Becerra &
Becerra, 2020; Payne-Sturges et al., 2018; Raskind et al., 2019; Reeder et al., 2020; Wattick et
al., 2018), and women who are pregnant or mothers of young children (Cook et al., 2013; HromiFiedler et al., 2011; Huddleston-Casas et al., 2009; Laraia et al., 2006; Lent et al., 2009). The
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focus on food insecurity and depression among women in the literature is particularly strong and
based on studies that have included both men and women, there is evidence to suggest that the
association between food insecurity and depression among women may be stronger than it is
among men. In a large study utilizing data from the 2009-2010 Canadian Community Health
Survey, the prevalence of mental illness was 18.4% higher for food insecure women, and 13.5%
higher for food insecure men compared to individuals reporting food security (Martin et al.,
2016). Another large study from New Zealand found that the odds ratio for psychological
distress among food insecure women was 2.1 (95% CI: 1.8, 2.4), while the odds ratio for
psychological distress among food insecure men was slightly lower, at 1.70 (95% CI: 1.4, 2.0)
(Carter et al., 2011). To date, however, there are no published studies that have used a large,
nationally representative dataset from the US to look at the association between food insecurity
and depression stratified by gender among the general population.
Additionally, it remains unknown how generalizable the association between food
insecurity and depression is among adults in the US, who may or may not be a member of one of
the groups of interest that the literature has focused on thus far. One nationally representative
dataset of health-related information for Americans is the National Health and Nutrition
Examination Survey (NHANES). A few studies have examined food insecurity and depression
among specific subsets of adults using NHANES data. In one study, food insecurity and
depression were studied among SNAP participants and income-eligible non-participants aged 2065 years using NHANES 2005-2010 data (Leung et al., 2015). This study found that very low
food security was significantly associated with a higher odds of depression for SNAP
participants and income-eligible SNAP non-participants, but the relationship was stronger among
the income-eligible non-participants (Leung et al., 2015). This study only included households
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whose incomes were at or below 130% of the federal poverty level, potentially excluding a
significant number of individuals who experienced food insecurity transiently in the previous 12
months.
This is important because there is some evidence that food insecurity is associated with
mental health separately from income/poverty level. This has been demonstrated in a sample of
those aged 15-16 years from NHANES III, where adolescents from high income families had a
greater prevalence of depressive disorders than adolescents from middle or low-income families
(Alaimo et al., 2002). Among the same sample of adolescents, those classified as food
insufficient (based on the parent reporting that the family either “sometimes” or “often” didn’t
have enough food to eat) were twice as likely to experience a depressive disorder as food
sufficient adolescents (Alaimo et al., 2002). This was also demonstrated in a study of 345
homebound older adults from North Carolina, where it was found that food insecurity was the
strongest predictor of depressive symptoms, more so than reporting an unmet health need, having
a major financial difficulty, and having inadequate housing (Johnson et al., 2011). Thus, analyses
of the relationship between food insecurity and depression among US adults would be keen to
not exclude subjects solely on the basis of income level, particularly considering the transient
nature of food insecurity in the US in which many individuals on the higher end of the federal
poverty level (FPL) may slip in and out of food insecurity based on life events that alter their
financial standing.
Two other studies have examined food insecurity and depression among adults using
NHANES data. One of these studies examined food insecurity and depression using NHANES
2011-2014 data, but their analysis was limited to adults with diagnosed type 2 diabetes, and by
limiting their analysis to only a four year data span, much valuable data on food insecurity and
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depression that is available was not utilized (Montgomery et al., 2017). In this study they found
that among adults with type 2 diabetes, having mild or severe food insecurity were both
associated with a higher odds of depression, thereby providing further supporting evidence that
this association is likely seen outside of these sub-populations. Finally, one smaller study that
utilized just one cycle of NHANES data (NHANES 2007-2008), found that depression was a
significant predictor of food insecurity, though this analysis was limited to only adults ages 60
and older, and there was no consideration of gender differences in the relationship between
depression and food insecurity (Goldberg & Mawn, 2015). The primary aim of this dissertation
project will thus be to examine whether food insecurity and depression are related among a
nationally representative sample of US adults, using the maximum range of data available from
the National Health and Nutrition Examination Survey.
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CHAPTER III
METHODOLOGY
Specific Aims
This investigation will address the following primary and secondary aims:
1. Determine whether food security status is associated with depression in a
nationally representative sample of U.S. adults, using NHANES 2005-2016 data.
a. Evaluate the prevalence of depression among food insecure individuals by
age (20-39, 40-59, 60+), race/ethnicity (Non-Hispanic White, NonHispanic Black, and Other), and gender.
b. Evaluate whether or not food insecurity is associated with increased odds
of having depression, and whether this relationship is moderated by age,
race, or gender.
Preliminary Study
A preliminary study, which was published in October 2020, examined the relationships
between food insecurity, depression, and race among college students from Mississippi using
data collected from undergraduate students at Mississippi State University (Reeder et al., 2020).
Food security was measured using the United States Department of Agriculture Household Food
Security Survey Module: Six-Item Short Form, and depression was measured using the Patient
Health Questionnaire-9. In total, 131 students ages 18–24 participated in the study. This study
found that food insecurity was present in 38.2% of students surveyed, and that the odds of food
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insecurity were higher among African American students compared to Caucasian students (OR =
3.50, 95% CI: 1.38, 8.90). Additionally, it was found that students with very low food security
had a 4.52 times greater odds of having depression than food-secure students (p = 0.011, 95%
CI: 1.42, 14.36). This study is significant as it is one of the first studies to document the burden
of food insecurity among Mississippi college students and its associated health consequences for
college students in Mississippi.
Innovation
This study is innovative in several ways. First, there is a need to better understand the
plethora of adverse health outcomes associated with food insecurity among US adults. Second,
data were analyzed from a large, nationally representative sample of US adults with multiple
questionnaire measures along with detailed demographic and lab data. The demographic data
was linked with questionnaire and lab data files to allow for a thorough estimation of household
food insecurity and its respective impact on symptoms of depression. Third, these research
questions were answered using household food security data from NHANES cycle 2005-2006
and forward. Beginning with the 2005-2006 data collection cycle, all NHANES participants were
administered the US Food Security Survey Module, and the previously employed income
screener was abolished. Abolishing the income screener allows for a greater ability to capture
food insecurity experienced by NHANES participants, and thus, any examination of the
associations between food insecurity and health may be more accurate when looking strictly at
data from 2005 and forward. Fourth, the evaluation of household food insecurity and its impact
on depression, a leading contributor to disability worldwide, could specify how this factor could
be leveraged in future interventions designed to improve health and nutritional status among
adults. Finally, advancing our understanding of the impact of food insecurity on health can lead
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to the development of scalable interventions which help improve mental health in the United
States.
Description of Data
National Health and Nutrition Examination Survey
The National Health and Nutrition Examination Survey is a cross-sectional, populationbased study of the non-institutionalized, civilian population in the United States. The NHANES
study has been conducted continuously since 1999 with the goal of assessing the health and
nutritional status of adults and children in the United States. Each year approximately 5,000
individuals from 15 counties participate in the study. NHANES participants are not recruited
from a simple random sample, but rather, a complex, multi-stage, probability design is used to
select participants to ensure that a nationally representative sample is obtained. The sampling
design starts with Primary Sampling Units (PSUs) that are either individual counties or clusters
of counties. Within a PSU are then Masked Variance Units (MSUs) that are used to estimate
variance. Within the MSUs are then Dwelling Units (DUs) which represents the household level.
Finally, individuals are selected from within the household. This process involves oversampling
individuals aged 60 and older, African Americans, and Hispanic persons. Data collection for
NHANES consists of an in-home interview portion and a physical exam portion which takes
place at a mobile examination center. The interview consists of demographic, socioeconomic,
dietary, and health-related questions, and the physical exam portion includes medical, dental,
physiological and laboratory measurements. Since 1999, NHANES data have been released in
two-year cycles. Data for this dissertation project were drawn from the 2005-2006 cycle through
the most current cycle with food security data available (2015-2016) and included all adults age
20+ with complete data on food insecurity and depression measurements. Participants who did
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not complete the food security questionnaire or depression questionnaires were excluded from
analysis. Pregnant women were removed from analysis as pregnancy effects variables of interest
such as BMI, which is a covariate in aim 1. Children and adolescents <20 years of age were also
be excluded from analysis.
The initial eligible sample for this analysis was 34,180 participants aged 20 and older.
Among this sample, participants were excluded for the following reasons: exam weight of zero
(n=2,276), pregnancy (n=674), missing food security data (n=849), and missing depression data
(n=1,933). This resulted in a final sample of 28,448 adults (Figure 2.1).
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Figure 3.1

Flow chart of inclusion and exclusion criteria for the study sample

Key Measures
Depression
Depression is the primary outcome of interest in this study. Depression was assessed in
the NHANES study by using the Patient Health Questionnaire-9 (PHQ-9), which was
administered to all NHANES participants ages 12 and over as part of the computer assisted
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personal interview in the mobile exam center. The PHQ-9 is a self-report depression screening
tool that is based on the nine items reflective of major depressive disorder in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition. It is a reliable and valid measure of
depression severity that asks questions about the frequency of depressive symptoms experienced
over the past two weeks (Kroenke et al., 2001). Each question is scored from “0” (not at all) to
“3” (nearly every day) with the final questionnaire scores ranging from 0–27. For this analysis,
scores of 10 or greater will denote the presence of depression, as has been previously done by
other studies using NHANES PHQ-9 data (Daly et al., 2021; Montgomery et al., 2017; Wang et
al., 2016).
Food Security
Food insecurity was the primary independent variable for this study. Household food
insecurity was measured by NHANES using the US Food Security Survey Module (US FSSM),
which is considered the gold standard for measuring food security in the United States (Bickel et
al., n.d.). Beginning with the 2005-2006 data collection cycle, all households were administered
these questions and no a priori income screener was used. The US FSSM contains 10 questions
for households without children and eight additional questions for households with children. The
survey asks questions such as, “we worried whether our food would run out before we got
money to buy more” and “the food that we bought just didn't last, and we didn't have money to
get more.” Based on a household’s responses to these surveys, the USDA has defined four levels
of food security under which households can be characterized. These are: (1) full, or high, food
security (FFS), where the household has no problems with or anxiety about obtaining adequate
food, (2) marginal food security (MFS), where the household occasionally had problems or
anxiety about obtaining adequate food, but did not have to alter the quality, variety, or quantity
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of food they ate, (3) low food security (LFS), where the household had to reduce the quality,
variety, or desirability of the food they ate, but did not have to change the quantity of food they
ate, and (4) very low food security (VLFS), where at least one member of the household had
their eating patterns disrupted and food intake reduced due to a lack of money for food. (United
States Department of Agriculture Economic Research Service, 2012). The four food security
categories were collapsed into a binary variable for some analyses with those who were
classified as having FFS or MFS being considered “food secure” and those with LFS or VLFS
being considered “food insecure.”
Covariates
Covariates included age (in years), sex, race (non-Hispanic White, non-Hispanic Black,
Hispanic, and "other"), federal poverty to income ratio (<130% FPL, 130-185% FPL, 186-300%
FPL, >300% FPL), BMI (<25, 25-29.9, and ≥30), marital status (married or living with a partner,
never married, or separated, widowed, or divorced) educational attainment (< high school, high
school diploma/GED, some college/associates degree, college graduate), and smoking status
(current smoker – smoked >100 cigarettes in lifetime and smoke at time of survey; past smoker –
smoked >100 cigarettes in lifetime, but not smoking at time of survey; never smoker – smoked
<100 cigarettes in lifetime) (Centers for Disease Control and Prevention, 2017).
Family poverty to income ratio cut off points are based on common cut points of interest
used in the literature for food insecurity studies. Income eligibility for Supplemental Nutrition
Assistance Program (SNAP) benefits is ≤130% of the FPL, which denotes the first group of
those households with incomes 0-130% of the FPL. The next group is households with incomes
not eligible for SNAP, but who would still qualify for participation in the Women, Infants, and
Children (WIC) program and National School Lunch Program (NSLP), which both have
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eligibility cut offs of incomes ≤185% of the FPL. Finally, while food insecurity still occurs to
some extent among households with incomes 186-300% of the FPL, food insecurity is rare above
300% of the FPL, and thus the last two family poverty to income ratio groups are coded
accordingly (Coleman-Jensen et al., 2020).
Statistical Analysis
National Center for Health Statistics analytic guidelines for analyzing NHANES data
were followed. All analyses accounted for the complex sampling design of NHANES by
applying appropriate sample weights, strata, and primary sampling units. Relevant data files
from the 2005-2006, 2007-2008, 2009-2010. 2011-2012, 2013-2014, and 2015-2016 waves were
downloaded, extracted, appended, and merged. Twelve-year survey weights were calculated and
used in all analyses to adjust for unequal selection probability and non-response bias (Centers for
Disease Control and Prevention/National Center for Health Statistics, 2018). The twelve-year
sampling weights were calculated by multiplying the mobile exam center weights provided by
NHANES for two-year cycles by one-sixth to reflect the probability of being sampled in the 12year period. Descriptive statistics were calculated to summarize sociodemographic
characteristics across different food security categories. Differences in participant characteristics
across the four categories of household food security (FFS, MFS, LFS, and VLFS) were
examined using univariate linear regression models for continuous variables and chi-square tests
for categorical variables. The relationship between food insecurity and depression was examined
using a series of multivariate logistic regression models. Before testing logistic regression
models, Spearman correlation coefficients were run to check for collinearity, and correlation
coefficients >0.9 were considered to indicate collinearity. The first model adjusted for poverty to
income ratio, the second model adjusted for poverty to income ratio, age, race, and gender, and
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the final model adjusted for poverty to income ratio, age, race, gender, marital status, education,
smoking, and BMI. Effect modification between food security status, gender, and race/ethnicity
was also tested by product interaction terms in the fully adjusted logistic regression models.
Next, backwards stepwise selection was used to fit a logistic regression model to identify risk
factors associated with depression for individuals with food insecurity. All analyses were
conducted using SAS Version 9.4 (SAS Institute, Cary, NC). SAS SURVEY procedures were
used in order to account for the complex sampling design of NHANES. Descriptive statistics
were calculated using PROC SURVEYFREQ and PROC SURVEYMEANS, F-tests conducted
using PROC SURVEYREG, and logistic regressions conducted using PROC
SURVEYLOGISTIC. All tests were two-tailed and the level of significance (α) was set at 0.05.
Human Subjects Protection
NHANES datasets are publicly available and de-identified and thus, secondary data
analyses of NHANES datasets are not considered to involve human subjects. Because this is not
considered human subjects research, this study was declared exempt by Mississippi State
University’s Institutional Review Board.
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CHAPTER IV
RESULTS
Descriptive statistics
A total of 28,448 individuals were included in the final data analysis. The prevalence of
food insecurity in this group (those with LFS and VLFS) was 19.2%. Food security status was
significantly associated with gender, race, education, family PIR, marital status, smoking status,
and BMI (Table 3.1). Adults with food insecurity were more likely to be non-White, have a
lower educational attainment, have a lower poverty to income ratio, be single, widowed,
divorced, or separated, be smokers, and have obesity. Among individuals with VLFS, just 8%
were college graduates, though 35% had attended at least some college. Fifty-five percent of
adults with food insecurity had incomes ≤130% of the federal poverty level; however, even in
the VLFS group, 24.2% of adults reported incomes that were > 185% of the federal poverty
level. The proportion of individuals who are smokers was greatest among the most food insecure
participants (44% of those with VLFS compared to 17% of those with FFS). As an indication of
depression, 8.8% of the study population had PHQ-9 scores ≥10. There was a significant
difference in prevalence of depression across food security categories (p<0.0001), with 5.1% of
FFS adults experiencing depression compared to 25.8% of adults with VLFS.
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Table 4.1

Household food security and sociodemographic characteristics: National Health
and Nutrition Examination Surveys 2005-2016

Characteristic

Full food
security
(n=19,879
)

Age, ya

49.1

Genderb
Male

49.7

Female

50.3

SE Marginal
food
security
(n=3,117
)
0. 43.0
3

SE Low
food
security
(n=3,415
)
0. 41.6
5

SE Very low
food
security
(n=2,037
)
0. 42.5
4

SE P c

0.
3
0.
3

0.
9
0.
9

1.
0
1.
0

1.
7
1.
7

46.9
53.1

47.8
52.2

48.8
51.2

0.
5

Race/ethnicity

<0.000
1
0.0322

<0.000
1

b

NonHispanic
White
NonHispanic
Black
Hispanic

75.0

1.
2

50.0

2.
5

45.3

2.
4

53.5

2.
5

8.9

0.
6

16.7

1.
4

17.9

1.
4

19.4

1.
5

9.4

26.2

2.
0
0.
7

20.8

6.6

2.
2
0.
8

30.1

Other

0.
7
0.
4

1.
8
0.
8

7.1

6.7

6.3

Educationb

<0.000
1

< High
school
High school
graduate
Some
college
College
graduate or
above
Poverty-toincome ratio
(family)b
<130% FPL

12.2

130-185%
FPL

8.5

21.5
31.4
34.8

0.
6
0.
6
0.
6
1.
1

25.7
27.4
34.1
12.8

1.
4
1.
0
1.
3
1.
0

35.4
25.7
30.8
8.0

1.
2
1.
0
1.
3
0.
9

29.8
27.6
34.6
8.0

1.
5
1.
4
1.
3
1.
2
<0.000
1

12.9

0.
6
0.
3

39.0
18.4

1.
8
1.
2
29

52.9
19.1

1.
6
1.
1

59.7
16.1

2.
1
1.
3

Table 4.1 (continued)

186-300%
17.9
FPL
>300% FPL 60.7
Marital
Statusb
Never
16.1
married
Married or
66.6
living with
partner
Characteristi Full food
c
security
(n=19,879
)
Widowed,
17.3
divorced, or
separated
Smoking
Statusb
Current
17.0
smoker
Past smoker 26.7

0.5 23.9

1.5 16.7

1.2 15.7

1.3

1.0 18.7

1.5 11.3

1.3 8.5

1.3
<0.0001

0.6 20.6

1.2 23.4

1.3 26.1

1.6

0.7 57.3

1.4 54.9

1.5 44.8

1.9

SE Marginal
food
security
(n=3,117
)
0. 22.1
4

SE Low food SE Very low
security
food
(n=3,415
security
)
(n=2,037
)
1. 21.7
1. 29.1
0
0

SE P c

1.
5
<0.000
1

0.
5
0.
5
0.
7

28.7
21.6
49.7

1.
3
1.
1
1.
5

33.3
18.1
48.6

1.
4
0.
9
1.
4

44.0
16.9
39.1

1.
8
1.
2
1.
5

Never
smoker
BMIb

56.3

Normal
weight
(<25)
Overweight
(25-29.9)
Obese
(≥30)
Depressionb

32.0

0.
6

28.1

1.
1

26.9

1.
1

30.6

1.
6

33.4

0.
5
0.
6

31.6

1.
2
1.
2

29.8

1.
1
1.
2

26.7

1.
2
1.
6

<0.000
1

34.6

40.3

43.3

42.8

<0.000
1

PHQ-9 Score 5.1
0. 11.5
0. 14.7
0. 25.8
1.
≥10
2
8
9
4
a
SE, standard error; FPL, federal poverty level; BMI, body mass index. Age is mean (SE);
b
Categorical variables are weighted % (SE); c p-values from Rao-Scott F-adjusted chi-square
tests for categorical variables and analysis of variance for continuous variables.
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Mean PHQ-9 scores also significantly differed across food security categories, with
higher PHQ-9 scores observed for each decreasing level of food security (p<0.0001, Figure 3.1).
Mean PHQ-9 scores for FFS, MFS, LFS, and VLFS adults were 2.5 ± 0.04, 3.9 ± 0.1, 4.4 ± 0.1,
and 6.3 ± 0.2, respectively.

Figure 4.1

Mean PHQ-9 Scores by Food Security Category

Food security categories are: 1=full food security, 2=marginal food security, 3=low food
security, and 4=very low food security. Error bars represent 95% confidence limits.
Odds of depression by food security status
Food insecurity was associated with higher odds of depression in a dose-response pattern,
as shown in Table 3.2. After adjustment for family poverty to income ratio (Model 1), compared
to participants with FFS, participants with VLFS had a 4.11 times greater odds of having
depression (95% CI: 3.52, 4.80). This association persisted after further adjusting for age, race,
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and gender (Model 2) and marital status, educational attainment, smoking status, and BMI
(Model 3). In the fully adjusted model (Model 3), the OR (95% CIs) were 1.60 (1.27, 2.02), 1.88
(1.58, 2.24), and 3.50 (2.98, 4.12) for participants with MFS, LFS, and VLFS, respectively.
There were no significant interaction effects found between food security status and gender
(p=0.161) nor food security status and race (p=0.362). No collinearity was detected between
variables.
Table 4.2

Odds of having depression by food security status
Depression, Crude 95%
n
model, CI
OR
1157
Ref.

Model
1,
OR
Ref.

95%
CI

Model
2,
OR
Ref.

95%
CI

Model
3,
OR
Ref.

95%
CI

Full food
security
Marginal 334
2.44
1.99- 1.71
1.37- 1.84
1.46- 1.60
1.27food
2.99
2.13
2.31
2.02
security
Low food 491
3.23
2.75- 2.05
1.73- 2.24
1.85- 1.88
1.58security
3.80
2.44
2.71
2.24
Very low 524
6.51
5.61- 4.11
3.52- 4.44
3.77- 3.50
2.98food
7.55
4.80
5.22
4.12
security
OR, odds ratio; CI, confidence interval. Crude model is unadjusted. Model 1 is adjusted for
family poverty to income ratio. Model 2 is adjusted for poverty to income ratio, age, race, and
gender. Model 3 is adjusted for poverty to income ratio, age, race, gender, marital status,
educational attainment, smoking status, and BMI.
Depression in the food insecure population
Next, a sub-analysis of only adults with food insecurity (n=5,452) was conducted. Table
3.3 shows the prevalence of depression among food insecure adults by age, gender, and race. By
age, the prevalence of depression among the food insecure was greatest in the 40-59 age group.
Both the 40-59 age group and the 60+ age group were more likely to experience depression than
the youngest food insecure adults, those ages 20-39. By gender, 23% of food insecure women
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reported depression, compared to 14% of food insecure men (OR 1.82, 95% CI: 1.56-2.11,
p<0.0001). Finally, by race, White adults with food insecurity were more likely to report
depression than Non-Hispanic Black, Hispanic, or other racial/ethnic identity adults with food
insecurity, and reported depression at a rate of 22%.
Table 4.3

Prevalence of depression by age, gender, and race

Characteristic
Age
20-39
40-59
60+
Gender
Male
Female
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

Depression prevalence,
n%

OR (95% CI)

p-value

333 (15.4)
449 (23.4)
233 (19.2)

Reference group
1.67 (1.35-2.06)
1.30 (1.02-1.67)

-<0.0001
0.035

370 (14.3)
645 (23.3)

Reference group
1.82 (1.56-2.11)

-<0.0001

405 (22.0)
233 (17.6)
322 (14.4)
55 (18.9)

Reference group
0.76 (0.61-0.94)
0.59 (0.47-0.75)
0.82 (0.58-1.17)

-0.013
<0.0001
0.268

Next, a multivariate logistic regression model was fit to examine risk factors for
depression among food insecure adults. A manual backward selection process was followed for
variable selection, in which after fitting the model, the variable with the greatest p-value was
removed and the model refit. This was continued until the final model contained only variables
with a p-value of less than 0.05. The first variable removed was age (p=0.198), followed by
educational attainment (p=0.096). The final model included gender, race, PIR, marital status,
smoking status, and BMI. Among adults with food insecurity (those with LFS and VLFS), odds
of having depression were higher for women, those of non-Hispanic White race/ethnicity, those
with incomes less than 130% of the federal poverty level, adults who are widowed, divorced, or
separated, adults who smoke, and adults with obesity (Table 3.4). The odds of having depression
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were 68% higher for women with food insecurity compared to men with food insecurity, and
food insecure individuals who smoke had a more than two-fold greater odds of having
depression compared to food insecure individuals who never smoked. By race, non-Hispanic
Black and Hispanic participants with food insecurity had lower odds of having depression than
non-Hispanic White participants, OR=0.80 (95% CI: 0.64, 0.99) and OR=0.68 (95% CI: 0.54,
0.86), respectively.
Table 4.4

Model fitting for odds of depression among food insecure individuals

Effect

Level

Gender

Female vs Male

Race

PIR

Odds
Ratio
1.68

95% CI

P

1.41-2.00

<0.0001

Non-Hispanic Black vs Non-Hispanic
White
Hispanic vs Non-Hispanic White

0.80

0.64-0.99

0.042

0.68

0.54-0.86

0.002

Other vs Non-Hispanic White

0.98

0.68-1.41

0.906

130-185% FPL vs ≤130% FPL

0.77

0.60-0.97

0.029

186-300% FPL vs ≤130% FPL

0.59

0.43-0.81

0.001

>300% FPL vs ≤130% FPL

0.50

0.32-0.77

0.002

0.91

0.73-1.14

0.409

1.65

1.30-2.09

<0.0001

1.35

1.00-1.84

0.054

Current smoker vs Never smoker

2.11

1.73-2.59

<0.0001

Overweight (25-29.9) vs Normal weight

1.09

0.83-1.43

0.538

Obese (≥30) vs Normal weight

1.49

1.17-1.88

0.001

Marital status

Married or living with partner vs
Never married
Widowed, divorced, or separated vs
Never married
Smoking Status Past smoker vs Never smoker

BMI

CI, confidence interval; PIR, family poverty to income ratio; FPL, federal poverty level; BMI,
body mass index.
Finally, we sought to compare how symptoms of depression are experienced among those
with and without food insecurity. PHQ-9 responses were collapsed into two categories based on
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never or ever experiencing each symptom in the previous two weeks. Among adults with
depression, those who were also food insecure experienced symptoms of trouble sleeping,
feeling bad about oneself, moving slower or being more fidgety, and thoughts of hurting oneself
at significantly greater rates than adults with depression who were food secure (Table 3.5). While
not statistically significant, adults with depression and food insecurity also experienced having
little interest or pleasure in doing things, feeling down, hopeless, or depressed, and having
trouble concentrating on things at a greater rate than food secure adults with depression. Adults
with depression who were food secure experienced one symptom of depression more than food
insecure adults with depression which was the symptom of “feeling tired or having little energy.”
Overall, when comparing the experience of depression among the food secure and food insecure,
adults with both depression and food insecurity scored higher on the PHQ-9, indicating more
severe depression, than adults with depression who are not food insecure (13.8 ± 0.12 vs 14.8 ±
0.16, <0.0001).
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Table 4.5

Depressive symptoms experienced by food secure and food insecure individuals
with depression

Depression Symptom

Food Secure

Food Insecure

p

Little interest or pleasure in doing
things
Feeling down, depressed, or hopeless

86.2 (1.3)

87.0 (1.2)

0.190

90.5 (1.1)

93.1 (1.0)

0.101

Trouble falling or staying asleep, or
sleeping too much
Feeling tired or having little energy

90.7 (1.0)

94.1 (1.0)

0.021

97.7 (0.4)

95.7 (0.9)

0.016

Poor appetite or overeating

80.6 (1.2)

84.4 (1.5)

0.054

Feeling bad about yourself

73.7 (1.3)

82.0 (1.3)

<0.0001

Trouble concentrating on things

75.3 (1.4)

77.3 (1.8)

0.379

Moving or speaking slowly or being
more fidgety and restless than usual
Thoughts that you would be better off
dead or thoughts of hurting yourself
Total PHQ-9 Score

52.5 (1.5)

65.7 (1.7)

<0.0001

24.7 (1.4)

30.6 (2.1)

0.014

13.8 ± 0.12

14.8 ± 0.16

<0.0001

Percent (SE) who report experiencing symptom at least several days in the previous two weeks;
p-values from t-tests.
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CHAPTER V
DISCUSSION
In this nationally representative sample of US adults, food insecurity was significantly
associated with an increased odds of having depression. Among US adults with food insecurity,
being female, widowed, divorced, or separated, smoking cigarettes, having a household income
<130% of the FPL, and having obesity all increased the odds of experiencing depression.
Moreover, while rates of food insecurity were higher among non-Hispanic Black and Hispanic
participants compared to non-Hispanic White participants, non-Hispanic White participants who
were food insecure were more likely to have depression than non-Hispanic Black or Hispanic
participants who were food insecure. These findings ultimately provide further evidence that the
consequences of food insecurity have a significant impact on well-being.
One of the strongest predictors of depression for food insecure adults was cigarette
smoking. Tobacco use is inversely associated with socioeconomic status (Kim-Mozeleski &
Pandey, 2020), and adults with low socioeconomic status are more likely to have started smoking
at a younger age and smoke for a longer duration of their life (Siahpush et al., 2010). Bearing
that in mind, food insecure adults who smoke may be more likely to be among the US adults that
consistently struggle with food insecurity, rather than be adults transiently experiencing food
insecurity. Food insecurity is also an inherently stressful state and food insecure adults struggling
with depression, stress, or anxiety may turn to unhealthy coping behaviors such as the use of
tobacco or alcohol for stress relief. Finally, monetary resources that are used for purchasing
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cigarettes may displace monetary resources that could otherwise be used for purchasing food.
Another factor that significantly predicted whether an adult with food insecurity had depression
was marital status. Food insecure adults who are widowed, divorced, or separated are likely to
have less social and financial support than they once had, placing them at greater risk for food
insecurity and for social isolation that would increase the risk for depression. Findings related to
race were similar to established trends in depression rates by race in the US. Whites generally
have a higher lifetime prevalence of major depressive disorder than African Americans (Bailey
et al., 2019), and this trend persisted when assessing a subpopulation of adults who all reported
having food insecurity. Finally, we found that gender was one of the most significant risk factors
for depression among food insecure adults. Women with food insecurity were 68% more likely
to report experiencing depression than men with food insecurity. While women generally
experience depression at greater rates than men (Brody et al., 2018), women also suffer the brunt
of the consequences of food insecurity. Part of this is related to household structure, as women
are more often in charge of managing food in a household (Taillie, 2018), and women tend to
shield other household members, especially children, from the consequences of food insecurity
(McIntyre et al., 2003; Nord, 2013).
Our results suggest that food insecurity and depression commonly coexist, and as food
insecurity becomes more severe, depression also becomes more severe. These findings confirm
similar findings from other studies that have suggested a dose-response relationship between
food insecurity and depression. For example, among mothers of 3-year old children across 18
major US cities, the percentage of mothers with anxiety or depression jumps from 16.9% to
21.0% to 30.3% between mothers who are fully food secure, marginally food secure, and food
insecure (Whitaker et al., 2006). The SARS CoV2 pandemic presented a unique opportunity to
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study this relationship further, as job losses, lock downs, and social isolation led to an increasing
number of people struggling with food insecurity and mental illness worldwide. One study found
that during the SARS CoV2 pandemic, adults with incomes <200% of the federal poverty level
who were food insecure had a 3.53 times higher odds of experiencing depression compared to
adults without food insecurity, and a 3.57 times higher odds of anxiety (Fang et al., 2021).
Another study found that during the pandemic, the odds of having depression were 2.42, 3.84,
and 7.75 times higher for adults with MFS, LFS, and VLFS, respectively (Wolfson et al., 2021),
which provides further evidence for a dose-response relationship between food insecurity and
depression.
Strengths and Limitations
This approach had several strengths. First, the data used in this study is based on a large,
nationally representative sample of adults in the United States, which increases the
generalizability of our findings. NHANES contains a comprehensive set of data that will allow
for a thorough estimation of the effect of food insecurity on risk of depression, while adjusting
for many covariates of interest. Second, food insecurity was measured using a standardized,
validated survey that is commonly used by researchers assessing food insecurity, which increases
the ability to cross compare these results to the results found by others.
This proposed study is significant because it further evaluates the health burden of food
insecurity in the United States. However, there are some challenges and limitations to note. First,
the data used in the proposed study comes from a cross-sectional, observational based study, so
whether or not there is a causal relationship between food insecurity and health outcomes such as
depression cannot be determined from this study. Second, food insecurity is a self-reported
measure based on participant’s responses to the U.S. Food Security Survey Module, which may
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add bias due to variability in individual’s perceptions of their degree of food security. This
survey also aims to assess food insecurity at the household level rather than at the individual
level which creates the potential for a household member to be misclassified as food insecure or
food secure if their food security status differs from that of another household member; though,
degree of food security is generally similar for all members of a household (Bickel et al., n.d.).
Finally, food insecurity is complexly related to many other social determinants of health, and it is
not possible for this study to account for all possible confounding factors that may affect the
relationship between food insecurity and adverse health outcomes such as depression.
Contemporary Challenges to Food Security
Achieving and maintaining global food security is an ever-present challenge. In March
2020, WHO declared the novel coronarius outbreak a pandemic. This pandemic impacted the
entire food system, putting strain on all four pillars of food security: availability, access,
utilization, and stability. In the US, the percentage of individuals living in food insecure
households increased from 10.9 to 11.8%, or by 3 million people, in 2020, and among
households with children, food insecurity increased from 13.6% in 2019 to 14.8% in 2020. Black
(21.7%) and Latinx (17.2%) households also faced increased food insecurity in 2020 compared
to White households (7.1%). Lockdowns that restricted movement within and across countries in
an attempt to halt the spread of the virus, disrupted food supply chains and affected the
availability of food and the ability of some countries to access food. As workers got sick, labor
shortages further disrupted the supply chain. Lock downs and calls for social distancing also led
to many employees in industries such as restaurants, hotels, childcare, and retail to lose their
jobs. Ultimately, labor shortages, ingredient and packaging scarcities, and rising commodity
costs led to higher food prices.
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Access
Rising food prices impact a population or household’s ability to access food. The
Consumer Price Index for food-at-home increased 6.5% from December 2020 to December
2021, which was the largest yearly increase since 2008 (USDA ERS, 2021). Globally, the FAO’s
Food Price Index, a measure of the monthly change in international prices of a basket of food
commodities, averaged 125.7 points in 2021, which is as much as 28.1% higher than Food Price
Index numbers observed in 2020 (Food and Agriculture Organization of the United Nations,
2022). In May 2021, global food prices rose at their fastest monthly rate in more than a decade.
This was led by a surge in the prices of vegetable oils, sugar, and cereals, which were at their
highest value since September 2011. These prices are sensitive to production outputs and
changes in demand—for example, palm oil prices surged in May 2021 due to slower production
in Southeast Asia, while increased demand from the biodiesel sector pressured soybean oil prices
upward (Food and Agriculture Organization of the United Nations, 2021). As prices go up, food
access becomes increasingly concerning.
Availability
The beginning of the pandemic brought with it fears about whether or not there would be
food shortages, and what lockdowns and quarantines would mean in regard to acquiring food.
This resulted in a short-term increase in demand for food. Internationally, among 1,075 adults
surveyed across 82 countries, 62.7% of people reported stockpiling food between May and June
2020 in fear of future food shortages (Jafri et al., 2021). The most commonly reported foods that
were stockpiled were cereals, legumes, and canned goods, with people from North America
tending to stockpile canned goods, and people from West and East Africa mostly stockpiling
cereals. In North America, 74.2% of people reported having access to a lesser variety of foods,
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and in East Africa, 61.6% of people reported there being a lesser quantity of food available (Jafri
et al., 2021). Consumers in some cases saw a reduced availability of specific high-demand foods
such as flour, as more people took an interest in at-home baking during the pandemic (Aday &
Aday, 2020). Maintaining a relatively stable level of food availability during the pandemic did
require adjustments though. As food demand shifted away from restaurants and hotels and to
retail consumers for consumption at home, processors had to adjust how food was packaged or
how meat was cut. At times, short term disruptions to the supply of certain foods such as meat
were seen as meat processors experienced temporary shutdowns. Globally, agricultural trade
remained relatively stable even through numerous waves of infections and lockdowns.
International agricultural trade fell two percent during the first wave of COVID, but by the end
of 2020, trade was up 3.5% compared to the previous year (Arita et al., 2022).
Utilization
Utilization as a pillar of food security reflects the requirement that food be safely and
efficiently processed, handled, and distributed in a manner that promotes sound nutrition. The
beginning of the pandemic brought with it the question of whether COVID-19 could be
transmitted through food or food packaging. While there proved to be no evidence that people
could catch the virus from food or food packaging, safe food handling and processing remained a
prominent matter (World Health Organization, 2020). Food industry personal are not able to
work from home, and thus, personal hygiene and the use of personal protective equipment such
as disposable gloves and masks were essential to reduce the spread of the virus among food
industry workers. Other measures that were put into place included physical distancing between
employees by staggering workstations or limiting the number of employees in a food production
area at any given time. At the retail level, open, self-service food displays of unwrapped foods
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such as bakery items were replaced with individually wrapped foods and manned displays
behind plexiglass. The food industry’s ability to adapt to these unforeseen circumstances by
implementing new safety protocols again underscored the resilience of our food system in
mitigating contemporary threats to food security.
Stability
The last component, stability, highlights the importance of the first three components to
be always in place, for all people, and for the food supply chain to be resistant to acute stressors.
If any of the four pillars becomes compromised, food insecurity results and individuals become
vulnerable to malnutrition. In addition to a global pandemic in 2020, severe weather-related
disasters continued to threaten the stability of the food system in certain regions of the world.
North Korea experienced typhoons in 2020 that significantly reduced grain outputs due to
flooding. This, coupled with reduced trade with China after closing their borders to contain the
spread of Covid, resulted in a significant food shortages and increases in food prices, with one
report indicating that a kilogram of bananas (about six bananas) cost the equivalent of 45 USD
(Bicker, 2021). Meanwhile, Madagascar faced the worst drought they have had in four decades
in 2021, which led to famine-like conditions in the country as crop yields failed. Some turned to
locusts and searching for cactus leaves just to survive, while others sold their land in order to
obtain money to buy food in the face of rising food prices (Harding, 2021). After months of
drought, Madagascar was hit by cyclone Batsirai in February 2022 in another hit to food security
for the country as infrastructure was destroyed and people became displaced. Severe weatherrelated disasters are not expected to decrease any time soon, and they are going to continue to
occur in the presence of other stressors whether they be political, economic, or biological. These
stressors require that a food system is resilient and adaptable in order to ensure continued
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availability, access, and proper utilization of food, because when these pillars fall, food
insecurity follows.
Contemporary responses to food insecurity
In 2020, the overall rate of household food insecurity in the US was 10.5%--the same rate
observed in 2019 (Coleman-Jensen et al., 2021). While the pandemic did not result in an overall
increase in household food insecurity in the US, that doesn’t mean it was life as usual for
households. Many households were likely spared from becoming food insecure during the
pandemic due to increased deployment and use of safety net programs. Food aid spending in
2020 reached a record high at $122 billion which was a 30% increase over the previous year
(United States Department of Agriculture Economic Research, n.d.). This spending was the
result of increased spending on two new programs, the Farmers to Families Food Box Program
and the Pandemic Electronic Benefit Transfer (P-EBT), as well as increased spending on
established programs such as SNAP and WIC.
USDA food contributions to food pantries through The Emergency Food Assistance
Program increased by half a billion pounds from 2019 to 2020, in addition to another $3 billion
in funding that the USDA allocated to the newly launched Farmers to Families Food Box
Program in response to the pandemic. The Farmers to Families Food Box Program was put
together as part of the Coronavirus Food Assistance Plan, which was a $19 billion dollar
program funded through the Coronavirus Aid, Relief, and Economic Security (CARES) Act and
the Families First Coronavirus Response Act (FFCRA). The Farmers to Families Food Box
Program purchased produce, dairy, and meat directly from farmers and processors and then
delivered these foods to non-profit organizations such as food pantries. From May 2020 to
January 2021 approximately 132 million food boxes were delivered to food pantries as part of
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this program (Morris, 2021). The remaining $16 billion in the Coronavirus Food Assistance Plan
went to supporting agricultural producers who experienced financial difficultly as a result of
decreased demand or oversupply caused by the pandemic. In 2020, 6.7% of US households
reported using a food pantry, which is a 2.3% increase from 2019. Hispanic households and
household of single mothers with children were most likely to increase their use of food pantries
in 2020, though, the only demographic group without a statistically significant increase in food
pantry usage was households of single men living alone (Coleman-Jensen & P.Rabbitt, 2021).
The other newly created program, the P-EBT, focused more specifically on children. Under this
program, children who would have received free or reduced-price meals under the NSLP were
eligible to receive temporary benefits on an EBT card if their school was closed for five or more
consecutive days. These new programs were in addition to a 15% increase in SNAP benefits for
all participants through September 2021, investments to expand the ability to make SNAP
purchases online, and an additional $880 million to increase the fruit and vegetable benefit for
WIC participants. Globally, there has also been a strong response to aid developing countries
affected by the pandemic, with organization such as the World Bank, World Food Program,
World Health Organization, the United Nations, and various non-governmental organizations all
contributing to food aid in developing countries.
Future Research Directions
Chronic Stress as a Mediator between Food Insecurity and Depression
Food insecurity is associated with a plethora of negative health outcomes, both physical
and mental. The mechanisms for this are not completely understood, but as mentioned earlier,
are believed to be related to the various challenges that food insecure households face. Some of
these challenges include having less access to healthy food, having less nutrition knowledge or
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knowledge about other health-related behaviors, having less time and other resources for
preparing healthy meals and engaging in physical activity, having limited access to healthcare,
and the burden of chronic stress. Chronic stress is a particularly important factor to look at
because it is a likely mediator of both physical and mental health outcomes associated with food
insecurity. Here, chronic stress refers to stress caused by longer-term stressors, such as those
associated with being unemployed; being a caregiver for a family member with a disability or an
elderly parent; long-term financial strain; living in a dangerous neighborhood; experiencing
discrimination; and traumas such as domestic abuse (Epel et al., 2018). These long-term stressors
are often experienced by individuals of low socioeconomic status (SES), and can lead to “wear
and tear” on the body that eventually increases the risk of adverse health outcomes. This “wear
and tear” on the body occurs due to physiological changes from the body repeatedly activating
stress response systems (McEwen, 1998). Additionally, chronic stress can increase the risk of a
person using negative coping behaviors, such as using tobacco, alcohol, or other drugs, and can
decrease the likelihood that a person is exercising and eating and sleeping healthily, putting
further physiological stress on the body (Cohen et al., 2007). Because of this, chronic stress is
frequently recognized as a possible means to explain economic and racial health disparities in the
US. Since being of low SES is one of the strongest predictors of food insecurity in the US
(Coleman-Jensen et al., 2020), it can be inferred that many of these findings apply to food
insecure individuals in the US.
Stress is a broad term and one issue in the literature is variation in how chronic stress is
defined and measured. There is also the issue of how to best measure chronic stress in an
objective way. One way in which to measure chronic stress objectively is to measure allostatic
load (AL). Allostatic load, sometimes referred to as biological risk, is a term that was first coined
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in the literature in 1993 by McEwen and Stellar, who sought to describe the accumulation of
physiological disturbances that occur as a result of repeated or prolonged stress (McEwen &
Stellar, 1993). Essentially, AL describes how stressful stimuli activate the hypothalamuspituitary-adrenal (HPA) axis and sympathetic nervous system, which in turn leads to a cascade of
hormones and cytokines to be released which go on to act on various organ systems. If this
process repeats enough times, such as in the case of chronic stress, it will lead to organ systems
in the body being dysregulated (McEwen, 1998). Measuring AL requires consideration of
immune, metabolic, and cardiovascular clinical biomarkers, as these are the systems which are
most actively involved in adapting to the presence of stressful stimuli (Duong et al., 2017;
McEwen, 1998). While there is currently no gold standard for exactly which biomarkers are best
to include from each of those categories (Duong et al., 2017), the goal is to include
representation from each group, since a key concept of AL is that chronic stress impacts many
different systems in the body. A major strength of the use of AL is that unlike just measuring
perceived stress, measuring AL accounts for individual variation in biological response to
perceived stress. Allostatic load has been examined previously using NHANES datasets, with
studies using different combinations of NHANES 1988-2010 data. In each of these studies, AL
was calculated using anywhere from 7 to 14 different biomarkers, with a total of 26 different
biomarkers being used across all studies (Duong et al., 2017). Among NHANES and other nonNHANES large epidemiological studies, certain biomarkers are nearly universally used across
studies including systolic blood pressure, diastolic blood pressure, total cholesterol and HDL
cholesterol, HbA1c, albumin, and C-reactive protein (Duong et al., 2017; Leung & Zhou, 2020;
McClain et al., 2018; Thorpe et al., 2020). Using these biomarkers, the burden of long-term
physiological response to stress can be examined in regard to its effect on health.
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Currently, there is some evidence in the literature to suggest AL is individually
associated with food insecurity and depression (Leung & Zhou, 2020; McClain et al., 2018).
Regarding AL and food insecurity, two recent studies have examined whether or not these two
factors are associated with each other. The first was a study of 733 adults ages 45-75 who
participated in the Boston Puerto Rican Health Study. In this study, food insecurity was not
found to be significantly associated with total AL score (McClain et al., 2018). This study
measured AL using 11 components from five different physiological systems. From the
hypothalamus-pituitary-adrenal (HPA) axis, DHEA-S and urinary cortisol were measured; from
the sympathetic nervous system, urinary epinephrine and urinary norepinephrine were measured;
from the inflammatory system, serum C-reactive protein was measured; from the metabolic
system, waist circumference and HbA1c were measured; and from the cardiovascular system,
blood pressure, HDL cholesterol and total cholesterol were measured. One of the objectives of
this study was to assess whether or not SNAP participation mediated the relationship between
food insecurity and AL. While there was no association between food insecurity and total AL
score here, food insecurity was significantly associated with higher (meaning more dysregulated)
scores from the neuroendocrine and inflammatory systems (biomarkers DHEA-S, cortisol,
epinephrine, norepinephrine, and C-reactive protein), and this association was significantly
mediated by SNAP participation. These results thus suggest that receiving SNAP benefits may
offer some protection from the physiological effects of the chronic stress from food insecurity.
In the second study, AL was assessed in adults ages 20-65 with incomes <300% of the
federal poverty level (FPL) using NHANES 2007-2010 data. In this study, AL was assessed
using ten biomarkers: systolic blood pressure, diastolic blood pressure, BMI, HbA1c, total
cholesterol, HDL cholesterol, total/HDL cholesterol ratio, C-reactive protein, albumin, and
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estimated glomerular filtration rate. Among these subjects, food insecurity was associated with a
0.14-unit higher score for AL. When analyses were stratified by gender, food insecurity was
associated with a higher odds of having an elevated AL score for women, but not for men (Leung
& Zhou, 2020). A key takeaway from this study is that it provides more evidence to suggest the
health consequences associated with food insecurity are greater for women than for men, and it
provides rationale that any future analyses examining allostatic load as a mediator for the
relationship between food insecurity and depression should be stratified by gender.
More studies have been conducted on AL and depression than AL and food insecurity.
There is evidence that higher AL is associated with greater depressive symptoms among older
black men (Thorpe et al., 2020), community dwelling older adults (Kobrosly et al., 2014), and
middle-aged Puerto Rican adults (McClain et al., 2021). Two additional studies examined AL
and depression using NHANES data. One of these studies focused on gender and race as
mediators to the association between AL and depression in adults 18-64 years of age, using
NHANES 2005-2010 data (Bey et al., 2018). This study assessed AL using nine biomarkers:
systolic blood pressure, diastolic blood pressure, pulse, HbA1c, BMI, HDL cholesterol, total
cholesterol, albumin, and C-reactive protein. Interestingly, the authors found that AL was more
strongly associated with depression among White women and African American men than
among African American women or White men. The second study to examine AL and
depression using NHANES data focused on NHANES years 2005-2012 and included adults ages
40-79 (Rodriquez et al., 2018). This study assessed AL using systolic blood pressure, diastolic
blood pressure, BMI, HbA1c, total cholesterol, HDL cholesterol, total/HDL cholesterol ratio, Creactive protein, albumin, and creatinine clearance. The results indicated a higher prevalence of
depression among Latinos and African Americans compared to Whites, though AL was not
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associated with depression in any groups. It should be noted here that while the study states
participants from NHANES 2011-2012 were included in their analysis, NHANES discontinued
collecting C-reactive protein as a variable in 2010. Thus, it is unclear how this missing data for a
significant portion of the participants may have impacted calculating AL scores. Future research
will be needed to confirm the association, or lack thereof, between AL and depression.
In conclusion, prior evidence suggests that food insecurity and depression are likely
associated among US adults; however, this has yet to be comprehensively examined in a
nationally representative sample of US adults. This investigation will thus seek to examine
whether food insecurity and depression are related among a nationally representative sample of
US adults, using the maximum range of data available from NHANES. A comprehensive
analysis of food insecurity and depression in the US population should consider potential
differences in the association by age, race, and gender. Finally, as food insecurity and high AL
share core risk factors (low SES and being of minority race) and considering the fair amount of
studies that have found high AL to be associated with increased depression prevalence or
symptoms, whether or not AL serves as a mediator to the association between food insecurity
and depression should be examined.
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CHAPTER VI
CONCLUSION
This study is significant because it provides further evidence of the burden of food
insecurity in the US and how it can contribute to the mental health crisis being experienced.
Approximately 10-15% of US households are persistently food insecure each year, and these
adults have a much higher risk of mental health disorders. Food assistance programs such as
SNAP and WIC that aim to alleviate some of the burden of food insecurity may help decrease
the risk of depression among low-income adults (Leung et al., 2015), but they are not enough to
eliminate the concurrent burden of mental illness. Certain adults with food insecurity also may
need access to mental health resources, and research suggests that this population is reaching out
for help. Data from 2007-2014 indicate that adults with food insecurity are more likely to have
seen a mental health professional in the past year than adults without food insecurity (Burruss et
al., 2021). Mental health professionals can assist by considering asking their patients if they are
struggling with food availability, and if so, referring them out to relevant food assistance
programs. Likewise, food banks or other non-profit organizations that offer nutrition education
programming could consider also providing basic programming on healthy coping behaviors
when experiencing stress, anxiety, or depression. Public health interventions should be targeted
and focused on populations at heighted risk for both food insecurity and depression, such as
women, households with incomes ≤130% of the federal poverty level, and adults who are newly
widowed, divorced, or separated. Finally, given the strong body of evidence supporting a dose51

response relationship between food insecurity and depression in the US, public and private
resources that address both food access and mental health should be prioritized.

52

REFERENCES
Adams, E. J., Grummer-Strawn, L., & Chavez, G. (2003). Food insecurity is associated with
increased risk of obesity in California women. Journal of Nutrition, 133(4), 1070–1074.
https://doi.org/10.1093/jn/133.4.1070
Aday, S., & Aday, M. S. (2020). Impact of COVID-19 on the food supply chain. Food Quality
and Safety, 4(4), 167–180. https://doi.org/10.1093/FQSAFE/FYAA024
Alaimo, K., Olson, C. M., & Frongillo, E. A. (2002). Family food insufficiency, but not low
family income, is positively associated with dysthymia and suicide symptoms in
adolescents. Journal of Nutrition, 132(4), 719–725. https://doi.org/10.1093/jn/132.4.719
American Psychiatric Association. (2020). Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition. https://doi.org/10.32388/taiky6
Anderson, S. A. (1990). Core indicators of nutritional state for difficult-to-sample populations.
Journal of Nutrition, 120(11 SUPPL.), 1559–1600.
https://doi.org/10.1093/jn/120.suppl_11.1555
Arita, S., Grant, J., Sydow, S., & Beckman, J. (2022). Has global agricultural trade been resilient
under coronavirus (COVID-19)? Findings from an econometric assessment of 2020.
Food Policy, 107. https://doi.org/10.1016/j.foodpol.2021.102204
Baer, T. E., Scherer, E. A., Richmond, T. K., Fleegler, E. W., & Hassan, A. (2018). Food
Insecurity, Weight Status, and Perceived Nutritional and Exercise Barriers in an Urban
Youth Population. Clinical Pediatrics, 57(2), 152–160.
https://doi.org/10.1177/0009922817693301
Bailey, R. K., Mokonogho, J., & Kumar, A. (2019). Racial and ethnic differences in depression:
Current perspectives. Neuropsychiatric Disease and Treatment, 15, 603–609.
https://doi.org/10.2147/NDT.S128584
Banerjee, S., Radak, T., Khubchandani, J., & Dunn, P. (2020). Food Insecurity and Mortality in
American Adults: Results From the NHANES-Linked Mortality Study. Health
Promotion Practice, 152483992094592. https://doi.org/10.1177/1524839920945927
Becerra, M. B., & Becerra, B. J. (2020). Psychological distress among college students: Role of
food insecurity and other social determinants of mental health. International Journal of
Environmental Research and Public Health, 17(11), 1–12.
https://doi.org/10.3390/ijerph17114118
53

Berkowitz, S. A., Basu, S., Meigs, J. B., & Seligman, H. K. (2018). Food Insecurity and Health
Care Expenditures in the United States, 2011–2013. Health Services Research, 53(3),
1600–1620. https://doi.org/10.1111/1475-6773.12730
Bey, G. S., Waring, M. E., Jesdale, B. M., & Person, S. D. (2018). Gendered race modification
of the association between chronic stress and depression among black and white U.S.
adults. American Journal of Orthopsychiatry, 88(2), 151–160.
https://doi.org/10.1037/ort0000301
Bickel, G., Nord, M., Price, C., Hamilton, W., & Cook, J. (n.d.). Measuring Food Security in the
United States Guide to Measuring Household Food Security Revised 2000. Retrieved
January 3, 2021, from http://www.fns.usda.gov/oane
Bicker, L. (2021). Kim Jong-un admits North Korea facing a “tense” food shortage. BBC News.
https://www.bbc.com/news/world-asia-57507456
Bodor, J. N., Rose, D., Farley, T. A., Swalm, C., & Scott, S. K. (2008). Neighbourhood fruit and
vegetable availability and consumption: The role of small food stores in an urban
environment. Public Health Nutrition, 11(4), 413–420.
https://doi.org/10.1017/S1368980007000493
Brody, D. J., Pratt, L. A., & Hughes, J. P. (2018). Prevalence of Depression Among Adults Aged
20 and Over: United States, 2013-2016. NCHS Data Brief, 303, 1–8.
https://www.cdc.gov/nchs/products/databriefs/db303.htm
Bruening, M., Argo, K., Payne-Sturges, D., & Laska, M. N. (2017). The Struggle Is Real: A
Systematic Review of Food Insecurity on Postsecondary Education Campuses. Journal of
the Academy of Nutrition and Dietetics, 117(11), 1767–1791.
https://doi.org/10.1016/j.jand.2017.05.022
Burruss, N. C., Girgis, M., Green, K. E., Lu, L., & Palakshappa, D. (2021). Association between
food insecurity and access to a mental health professional: cross-sectional analysis of
NHANES 2007–2014. BMC Public Health, 21(1), 1–10. https://doi.org/10.1186/s12889021-10818-5
Carter, K. N., Kruse, K., Blakely, T., & Collings, S. (2011). The association of food security
with psychological distress in New Zealand and any gender differences. Social Science
and Medicine, 72(9), 1463–1471. https://doi.org/10.1016/j.socscimed.2011.03.009
Caspi, C. E., Lenk, K., Pelletier, J. E., Barnes, T. L., Harnack, L., Erickson, D. J., & Laska, M.
N. (2017). Food and beverage purchases in corner stores, gas-marts, pharmacies and
dollar stores. Public Health Nutrition, 20(14), 2587–2597.
https://doi.org/10.1017/S1368980016002524
Cavanaugh, E., Mallya, G., Brensinger, C., Tierney, A., & Glanz, K. (2013). Nutrition
environments in corner stores in Philadelphia. Preventive Medicine, 56(2), 149–151.
https://doi.org/10.1016/j.ypmed.2012.12.007
54

Centers for Disease Control and Prevention/National Center for Health Statistics. (2018).
National Health and Nutrition Examination Survey: Analytic Guidelines, 2011-2014 and
2015-2016. In National Center for Health Statistics.
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx#analytic-guidelines
Centers for Disease Control and Prevention. (2017). NHIS - Adult Tobacco Use - Glossary.
Adult Tobacco Use Information.
https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm
Cohen, S., Janicki-Deverts, D., & Miller, G. E. (2007). Psychological stress and disease. In
Journal of the American Medical Association (Vol. 298, Issue 14, pp. 1685–1687).
American Medical Association. https://doi.org/10.1001/jama.298.14.1685
Coleman-Jensen, A., & P.Rabbitt, M. (2021). Food Pantries. U.S Department of Agriculture.
https://www.ers.usda.gov/amber-waves/2021/november/food-pantry-use-increased-in2020-for-most-types-of-u-s-households/
Coleman-Jensen, A., Rabbitt, M. P., Gregory, C. A., & Singh, A. (2020). Household Food
Security in the United States in 2019. www.ers.usda.gov
Coleman-Jensen, A., Rabbitt, M. P., Gregory, C. A., & Singh, A. (2021). Household Food
Security in the United States in 2020. Economic Research Report Number 298.
www.ers.usda.gov
Committee on World Food Security. (2012). Coming to Terms with Terminology.
http://www.fao.org/3/MD776E/MD776E.pdf
Cook, J. T., Black, M., Chilton, M., Cutts, D., de Cuba, S. E., Heeren, T. C., Rose-Jacobs, R.,
Sandel, M., Casey, P. H., Coleman, S., Weiss, I., & Frank, D. A. (2013). Are food
insecurity’s health impacts underestimated in the U.S. population? Marginal food security
also predicts adverse health outcomes in young U.S. children and mothers. In Advances
in Nutrition (Vol. 4, Issue 1, pp. 51–61). Oxford Academic.
https://doi.org/10.3945/an.112.003228
Daly, M., Sutin, A. R., & Robinson, E. (2021). Depression reported by US adults in 2017–2018
and March and April 2020. Journal of Affective Disorders, 278, 131–135.
https://doi.org/10.1016/j.jad.2020.09.065
Davey-Rothwell, M. A., Flamm, L. J., Kassa, H. T., & Latkin, C. A. (2014). Food Insecurity and
Depressive Symptoms: Comparison of Drug Using and Nondrug Using Women at Risk
for HIV. Journal of Community Psychology, 42(4), 469–478.
https://doi.org/10.1002/jcop.21622
Dhurandhar, E. J. (2016). The food-insecurity obesity paradox: A resource scarcity hypothesis.
In Physiology and Behavior (Vol. 162, pp. 88–92). Elsevier Inc.
https://doi.org/10.1016/j.physbeh.2016.04.025
55

Dietz, W. H. (1995). Does Hunger Cause Obesity? Pediatrics, 95(5).
Dixon, L. B., Winkleby, M. A., & Radimer, K. L. (2001). Dietary intakes and serum nutrients
differ between adults from food-insufficient and food-sufficient families: Third National
Health and Nutrition Examination Survey, 1988-1994. Journal of Nutrition, 131(4),
1232–1246. https://doi.org/10.1093/jn/131.4.1232
Duong, M. T., Bingham, B. A., Aldana, P. C., Chung, S. T., & Sumner, A. E. (2017). Variation
in the calculation of allostatic load score: 21 examples from NHANES. Journal of Racial
and Ethnic Health Disparities, 4(3), 455–461. https://doi.org/10.1007/s40615-016-02468
Egede, L. E., Bishu, K. G., Walker, R. J., & Dismuke, C. E. (2016). Impact of diagnosed
depression on healthcare costs in adults with and without diabetes: United States, 20042011. Journal of Affective Disorders, 195, 119–126.
https://doi.org/10.1016/j.jad.2016.02.011
El Zein, A., Shelnutt, K. P., Colby, S., Vilaro, M. J., Zhou, W., Greene, G., Olfert, M. D.,
Riggsbee, K., Morrell, J. S., & Mathews, A. E. (2019). Prevalence and correlates of food
insecurity among U.S. college students: A multi-institutional study. BMC Public Health,
19(1), 1–12. https://doi.org/10.1186/s12889-019-6943-6
Epel, E. S., Crosswell, A. D., Mayer, S. E., Prather, A. A., Slavich, G. M., Puterman, E., &
Mendes, W. B. (2018). More than a feeling: A unified view of stress measurement for
population science. In Frontiers in Neuroendocrinology (Vol. 49, pp. 146–169).
https://doi.org/10.1016/j.yfrne.2018.03.001
Fang, D., Thomsen, M. R., & Nayga, R. M. (2021). The association between food insecurity and
mental health during the COVID-19 pandemic. BMC Public Health, 21(1), 1–8.
https://doi.org/10.1186/s12889-021-10631-0
Fitzgerald, N., Hromi-Fiedler, A., Segura-Pérez, S., & Pérez-Escamilla, R. (2011). Food
insecurity is related to increased risk of type 2 diabetes among Latinas. Ethnicity and
Disease, 21(3), 328–334.
Food and Agriculture Organization of the United Nations. (2009). Declaration of the World
Summit on Food Security. In World Food Summit (Issue November 2009). www.fao.org
Food and Agriculture Organization of the United Nations. (2021). Global food prices rise at
rapid pace in May. https://www.fao.org/news/story/en/item/1403339/icode/
Food and Agriculture Organization of the United Nations. (2022). FAO Food Price Index.
https://www.fao.org/worldfoodsituation/foodpricesindex/en/
French, S. A., Tangney, C. C., Crane, M. M., Wang, Y., & Appelhans, B. M. (2019). Nutrition
quality of food purchases varies by household income: The SHoPPER study. BMC Public
Health, 19(1), 231. https://doi.org/10.1186/s12889-019-6546-2
56

Garg, A., Toy, S., Tripodis, Y., Cook, J., & Cordella, N. (2015). Influence of maternal
depression on household food insecurity for low-income families. Academic Pediatrics,
15(3), 305–310. https://doi.org/10.1016/j.acap.2014.10.002
Goldberg, S. L., & Mawn, B. E. (2015). Predictors of Food Insecurity among Older Adults in the
United States. Public Health Nursing, 32(5), 397–407. https://doi.org/10.1111/phn.12173
Goldrick-Rab, S., Baker-Smith, C., Coca, V., Looker, E., & Williams, T. (2019). College and
University Basic Needs Insecurity: A National #RealCollege Survey Report.
Grazier, K. L. (2019). The Economic Impact of Depression in the Workplace. In Mental Health
in the Workplace (pp. 17–26). https://doi.org/10.1007/978-3-030-04266-0_2
Greenberg, P. E., Fournier, A. A., Sisitsky, T., Pike, C. T., & Kessler, R. C. (2015). The
economic burden of adults with major depressive disorder in the United States (2005 and
2010). Journal of Clinical Psychiatry, 76(2), 155–162.
https://doi.org/10.4088/JCP.14m09298
Hale, R. N., Chhabra, S., Zipfel, A., Holben, D. H., Vaughn, L. M., Falciglia, G., & Lee, S.-Y.
(2012). Food insecurity, nutrition knowledge, and cooking skills are barriers to healthy
eating among food pantry users. The FASEB Journal, 26, 631.1-631.1.
https://doi.org/10.1096/FASEBJ.26.1_SUPPLEMENT.631.1
Harding, A. (2021). Madagascar on the brink of climate change-induced famine - BBC News.
BBC News. https://www.bbc.com/news/world-africa-58303792
Hasin, D. S., Sarvet, A. L., Meyers, J. L., Saha, T. D., Ruan, W. J., Stohl, M., & Grant, B. F.
(2018). Epidemiology of adult DSM-5 major depressive disorder and its specifiers in the
United States. JAMA Psychiatry, 75(4), 336–346.
https://doi.org/10.1001/jamapsychiatry.2017.4602
Hernandez, D. C., Marshall, A., & Mineo, C. (2014). Maternal depression mediates the
association between intimate partner violence and food insecurity. Journal of Women’s
Health, 23(1), 29–37. https://doi.org/10.1089/jwh.2012.4224
Holben, D. H., & Pheley, A. M. (2006). Diabetes risk and obesity in food-insecure households in
rural Appalachian Ohio. Preventing Chronic Disease, 3(3), 1–9.
Hromi-Fiedler, A., Bermúdez-Millán, A., Segura-Pérez, S., & Pérez-Escamilla, R. (2011).
Household food insecurity is associated with depressive symptoms among low-income
pregnant Latinas. Maternal & Child Nutrition, 7(4), 421–430.
https://doi.org/10.1111/j.1740-8709.2010.00266.x
Huddleston-Casas, C., Charnigo, R., & Simmons, L. A. (2009). Food insecurity and maternal
depression in rural, low-income families: A longitudinal investigation. Public Health
Nutrition, 12(8), 1133–1140. https://doi.org/10.1017/S1368980008003650
57

Irving, S. M., Njai, R. S., & Siegel, P. Z. (2014). Food insecurity and self-reported hypertension
among hispanic, black, and white adults in 12 states, behavioral risk factor surveillance
system, 2009. Preventing Chronic Disease, 11(9), 140190.
https://doi.org/10.5888/pcd11.140190
Jafri, A., Mathe, N., Aglago, E. K., Konyole, S. O., Ouedraogo, M., Audain, K., Zongo, U., Laar,
A. K., Johnson, J., & Sanou, D. (2021). Food availability, accessibility and dietary
practices during the COVID-19 pandemic: a multi-country survey. Public Health
Nutrition, 24(7), 1798. https://doi.org/10.1017/S1368980021000987
James, S. L., Abate, D., Abate, K. H., Abay, S. M., Abbafati, C., Abbasi, N., Abbastabar, H.,
Abd-Allah, F., Abdela, J., Abdelalim, A., Abdollahpour, I., Abdulkader, R. S., Abebe, Z.,
Abera, S. F., Abil, O. Z., Abraha, H. N., Abu-Raddad, L. J., Abu-Rmeileh, N. M. E.,
Accrombessi, M. M. K., … Murray, C. J. L. (2018). Global, regional, and national
incidence, prevalence, and years lived with disability for 354 Diseases and Injuries for
195 countries and territories, 1990-2017: A systematic analysis for the Global Burden of
Disease Study 2017. The Lancet, 392(10159), 1789–1858. https://doi.org/10.1016/S01406736(18)32279-7
Johnson, C. M., Sharkey, J. R., & Wesley, R. (2011). Indicators of material hardship and
depressive symptoms among homebound older adults living in North Carolina. Journal of
Nutrition in Gerontology and Geriatrics, 30(2), 154–168.
https://doi.org/10.1080/21551197.2011.566527
Jones, A. D. (2017). Food Insecurity and Mental Health Status: A Global Analysis of 149
Countries. American Journal of Preventive Medicine, 53(2), 264–273.
https://doi.org/10.1016/j.amepre.2017.04.008
Kapulsky, L., Tang, A. M., & Forrester, J. E. (2015). Food insecurity, depression, and social
support in HIV-infected Hispanic individuals. Journal of Immigrant and Minority Health,
17(2), 408–413. https://doi.org/10.1007/s10903-014-0076-x
Kern, D. M., Auchnicloss, A. H., Stehr, M. F., Diez Roux, A. V., Moore, L. V., Kanter, G. P., &
Robinson, L. F. (2017). Neighborhood prices of healthier and unhealthier foods and
associations with diet quality: Evidence from the multi-ethnic study of atherosclerosis.
International Journal of Environmental Research and Public Health, 14(11).
https://doi.org/10.3390/ijerph14111394
Kim-Mozeleski, J. E., & Pandey, R. (2020). The Intersection of Food Insecurity and Tobacco
Use: A Scoping Review. Health Promotion Practice, 21(1_suppl), 124S-138S.
https://doi.org/10.1177/1524839919874054

58

Kinyoki, D. K., Osgood-Zimmerman, A. E., Pickering, B. V., Schaeffer, L. E., Marczak, L. B.,
Lazzar-Atwood, A., Collison, M. L., Henry, N. J., Abebe, Z., Adamu, A. A., Adekanmbi,
V., Ahmadi, K., Ajumobi, O., Al-Eyadhy, A., Al-Raddadi, R. M., Alahdab, F.,
Alijanzadeh, M., Alipour, V., Altirkawi, K., … Hay, S. I. (2020). Mapping child growth
failure across low- and middle-income countries. Nature, 577(7789), 231–234.
https://doi.org/10.1038/s41586-019-1878-8
Kirkpatrick, S. I., & Tarasuk, V. (2008). Food insecurity is associated with nutrient inadequacies
among Canadian adults and adolescents. Journal of Nutrition, 138(3), 604–612.
https://doi.org/10.1093/jn/138.3.604
Kobrosly, R. W., van Wijngaarden, E., Seplaki, C. L., Cory-Slechta, D. A., & Moynihan, J.
(2014). Depressive symptoms are associated with allostatic load among communitydwelling older adults. Physiology and Behavior, 123, 223–230.
https://doi.org/10.1016/j.physbeh.2013.10.014
Kollannoor-Samuel, G., Wagner, J., Damio, G., Segura-Pérez, S., Chhabra, J., Vega-López, S.,
& Pérez-Escamilla, R. (2011). Social support modifies the association between household
food insecurity and depression among Latinos with uncontrolled type 2 diabetes. Journal
of Immigrant and Minority Health, 13(6), 982–989. https://doi.org/10.1007/s10903-0119499-9
Kroenke, K., Spitzer, R. L., & Williams, J. B. W. (2001). The PHQ-9: Validity of a brief
depression severity measure. Journal of General Internal Medicine, 16(9), 606–613.
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
Laraia, B. A., Siega-Riz, A. M., Gundersen, C., & Dole, N. (2006). Psychosocial factors and
socioeconomic indicators are associated with household food insecurity among pregnant
women. Journal of Nutrition, 136(1), 177–182. https://doi.org/10.1093/jn/136.1.177
Lent, M. D., Petrovic, L. E., Swanson, J. A., & Olson, C. M. (2009). Maternal mental health and
the persistence of food insecurity in poor rural families. Journal of Health Care for the
Poor and Underserved, 20(3), 645–661. https://doi.org/10.1353/hpu.0.0182
Leung, C. W., Epel, E. S., Ritchie, L. D., Crawford, P. B., & Laraia, B. A. (2014). Food
Insecurity Is Inversely Associated with Diet Quality of Lower-Income Adults. Journal of
the Academy of Nutrition and Dietetics, 114(12), 1943-1953.e2.
https://doi.org/10.1016/j.jand.2014.06.353
Leung, C. W., Epel, E. S., Willett, W. C., Rimm, E. B., & Laraia, B. A. (2015). Household Food
Insecurity Is Positively Associated with Depression among Low-Income Supplemental
Nutrition Assistance Program Participants and Income-Eligible Nonparticipants. The
Journal of Nutrition, 145(3), 622–627. https://doi.org/10.3945/jn.114.199414

59

Leung, C. W., & Zhou, M. S. (2020). Household food insecurity and the association with
cumulative biological risk among lower-income adults: Results from the national health
and nutrition examination surveys 2007–2010. Nutrients, 12(5).
https://doi.org/10.3390/nu12051517
Martin, M. S., Maddocks, E., Chen, Y., Gilman, S. E., & Colman, I. (2016). Food insecurity and
mental illness: Disproportionate impacts in the context of perceived stress and social
isolation. Public Health, 132, 86–91. https://doi.org/10.1016/j.puhe.2015.11.014
McClain, A. C., Xiao, R. S., Gao, X., Tucker, K. L., Falcon, L. M., & Mattei, J. (2018). Food
insecurity and odds of high allostatic load in puerto rican adults: The role of participation
in the supplemental nutrition assistance program during 5 years of follow-up.
Psychosomatic Medicine, 80(8), 733–741.
https://doi.org/10.1097/PSY.0000000000000628
McClain, A. C., Xiao, R. S., Tucker, K. L., Falcón, L. M., & Mattei, J. (2021). Depressive
symptoms and allostatic load have a bidirectional association among Puerto Rican older
adults. Psychological Medicine, 1–13. https://doi.org/10.1017/S0033291720005139
McEwen, B. S. (1998). Stress, adaptation, and disease allostasis and allostatic load. Annals of the
New York Academy of Sciences, 840, 33–44. https://doi.org/10.1111/j.17496632.1998.tb09546.x
McEwen, B. S., & Stellar, E. (1993). Stress and the Individual: Mechanisms Leading to Disease.
Archives of Internal Medicine, 153(18), 2093–2101.
https://doi.org/10.1001/archinte.1993.00410180039004
McIntyre, L., Glanville, N. T., Raine, K. D., Dayle, J. B., Anderson, B., & Battaglia, N. (2003).
Do low-income lone mothers compromise their nutrition to feed their children? CMAJ,
168(6), 686–691.
Men, F., Gundersen, C., Urquia, M. L., & Tarasuk, V. (2020). Association between household
food insecurity and mortality in Canada: A population-based retrospective cohort study.
CMAJ, 192(3), E53–E60. https://doi.org/10.1503/cmaj.190385
Men, F., & Tarasuk, V. (2020). Severe food insecurity associated with mortality among lowerincome Canadian adults approaching eligibility for public pensions: A population cohort
study. BMC Public Health, 20(1), 1484. https://doi.org/10.1186/s12889-020-09547-y
Metallinos-Katsaras, E., Must, A., & Gorman, K. (2012). A Longitudinal Study of Food
Insecurity on Obesity in Preschool Children. Journal of the Academy of Nutrition and
Dietetics, 112(12), 1949–1958. https://doi.org/10.1016/j.jand.2012.08.031
Montgomery, J., Lu, J., Ratliff, S., & Mezuk, B. (2017). Food Insecurity and Depression Among
Adults With Diabetes: Results From the National Health and Nutrition Examination
Survey (NHANES). Diabetes Educator, 43(3), 260–271.
https://doi.org/10.1177/0145721717699890
60

Morland, K., Wing, S., & Roux, A. D. (2002). The contextual effect of the local food
environment on residents’ diets: The atherosclerosis risk in communities study. American
Journal of Public Health, 92(11), 1761–1767. https://doi.org/10.2105/ajph.92.11.1761
Morley, J. E. (2012). Undernutrition in older adults. Family Practice, 29(suppl 1), i89–i93.
https://doi.org/10.1093/fampra/cmr054
Morris, S. (2021). USDA Food Box Program: Key Information and Opportunities to Better
Assess Performance.
Myers, C. A., Martin, C. K., Newton, R. L., Apolzan, J. W., Arnold, C. L., Davis, T. C., PriceHaywood, E. G., & Katzmarzyk, P. T. (2019). Cardiovascular health, adiposity, and food
insecurity in an underserved population. Nutrients, 11(1376), 1–11.
https://doi.org/10.3390/nu11061376
Myers, C. A., Mire, E. F., & Katzmarzyk, P. T. (2020). Trends in Adiposity and Food Insecurity
Among US Adults. JAMA Network Open, 3(8), e2012767.
https://doi.org/10.1001/jamanetworkopen.2020.12767
Nazmi, A., Martinez, S., Byrd, A., Robinson, D., Bianco, S., Maguire, J., Crutchfield, R. M.,
Condron, K., & Ritchie, L. (2019). A systematic review of food insecurity among US
students in higher education. Journal of Hunger and Environmental Nutrition, 14(5),
725–740. https://doi.org/10.1080/19320248.2018.1484316
Nord, M. (2013). Youth Are Less Likely to be Food Insecure than Adults in the Same
Household. Journal of Hunger and Environmental Nutrition, 8(2), 146–163.
https://doi.org/10.1080/19320248.2013.786667
Pan, L., Sherry, B., Njai, R., & Blanck, H. M. (2012). Food Insecurity Is Associated with
Obesity among US Adults in 12 States. Journal of the Academy of Nutrition and
Dietetics, 112(9), 1403–1409. https://doi.org/10.1016/j.jand.2012.06.011
Parker, E. D., Widome, R., Nettleton, J. A., & Pereira, M. A. (2010). Food Security and
Metabolic Syndrome in U.S. Adults and Adolescents: Findings From the National Health
and Nutrition Examination Survey, 1999-2006. Annals of Epidemiology, 20(5), 364–370.
https://doi.org/10.1016/j.annepidem.2010.02.009
Payne-Sturges, D. C., Tjaden, A., Caldeira, K. M., Vincent, K. B., & Arria, A. M. (2018).
Student hunger on campus: Food insecurity among college students and implications for
academic institutions HHS Public Access. J Health Promot, 32(2), 349–354.
https://doi.org/10.1177/0890117117719620
Pitt, E., Gallegos, D., Comans, T., Cameron, C., & Thornton, L. (2017). Exploring the influence
of local food environments on food behaviours: A systematic review of qualitative
literature. In Public Health Nutrition (Vol. 20, Issue 13, pp. 2393–2405).
https://doi.org/10.1017/S1368980017001069
61

Powell, L. M., Slater, S., Mirtcheva, D., Bao, Y., & Chaloupka, F. J. (2007). Food store
availability and neighborhood characteristics in the United States. Preventive Medicine,
44(3), 189–195. https://doi.org/10.1016/j.ypmed.2006.08.008
Raskind, I. G., Haardörfer, R., & Berg, C. J. (2019). Food insecurity, psychosocial health and
academic performance among college and university students in Georgia, USA. Public
Health Nutrition, 22(3), 476–485. https://doi.org/10.1017/S1368980018003439
Reeder, N., Tapanee, P., Persell, A., & Tolar-peterson, T. (2020). Food Insecurity, Depression,
and Race: Correlations Observed Among College Students at a University in the
Southeastern United States. International Journal of Environmental Research and Public
Health, 17(21), 8268. https://doi.org/10.3390/IJERPH17218268
Rodriquez, E. J., Livaudais-Toman, J., Gregorich, S. E., Jackson, J. S., Nápoles, A. M., & PérezStable, E. J. (2018). Relationships between allostatic load, unhealthy behaviors, and
depressive disorder in U.S. adults, 2005–2012 NHANES. Preventive Medicine, 110, 9–
15. https://doi.org/10.1016/j.ypmed.2018.02.002
Seligman, H. K., Laraia, B. A., & Kushel, M. B. (2010). Food insecurity is associated with
chronic disease among low-income nhanes participants. Journal of Nutrition, 140(2),
304–310. https://doi.org/10.3945/jn.109.112573
Siahpush, M., Singh, G. K., Jones, P. R., & Timsina, L. R. (2010). Racial/ethnic and
socioeconomic variations in duration of smoking: Results from 2003, 2006 and 2007
Tobacco Use Supplement of the Current Population Survey. Journal of Public Health,
32(2), 210–218. https://doi.org/10.1093/pubmed/fdp104
Sun, Y., Liu, B., Rong, S., Du, Y., Xu, G., Snetselaar, L. G., Wallace, R. B., & Bao, W. (2020).
Food Insecurity Is Associated With Cardiovascular and All-Cause Mortality Among
Adults in the United States. Journal of the American Heart Association, 9(19), e014629.
https://doi.org/10.1161/JAHA.119.014629
Taillie, L. S. (2018). Who’s cooking? Trends in US home food preparation by gender, education,
and race/ethnicity from 2003 to 2016. Nutrition Journal, 17(1), 1–9.
https://doi.org/10.1186/s12937-018-0347-9
Tayie, F. A., & Zizza, C. A. (2009). Food insecurity and dyslipidemia among adults in the
United States. Preventive Medicine, 48(5), 480–485.
https://doi.org/10.1016/j.ypmed.2009.03.003
The Economist Group. (n.d.). United States Food Security. Retrieved January 14, 2021, from
https://foodsecurityindex.eiu.com/Country/Details#United States
The U.S. Conference of Mayors. (2016). Report on Hunger and Homelessness.
https://endhomelessness.atavist.com/mayorsreport2016

62

Thorpe, R. J., Cobb, R., King, K., Bruce, M. A., Archibald, P., Jones, H. P., Norris, K. C.,
Whitfield, K. E., & Hudson, D. (2020). The association between depressive symptoms
and accumulation of stress among black men in the health and retirement study.
Innovation in Aging, 4(5), 1–9. https://doi.org/10.1093/geroni/igaa047
Townsend, M. S., Peerson, J., Love, B., Achterberg, C., & Murphy, S. P. (2001). Food insecurity
is positively related to overweight in women. Journal of Nutrition, 131(6), 1738–1745.
https://doi.org/10.1093/jn/131.6.1738
Tsai, A. C., Bangsberg, D. R., Frongillo, E. A., Hunt, P. W., Muzoora, C., Martin, J. N., &
Weiser, S. D. (2012). Food insecurity, depression and the modifying role of social
support among people living with HIV/AIDS in rural Uganda. Social Science and
Medicine, 74(12), 2012–2019. https://doi.org/10.1016/j.socscimed.2012.02.033
United Nations. (1948). Universal declaration of human rights. https://www.un.org/en/universaldeclaration-human-rights/
United States Department of Agriculture Economic Research. (n.d.). Food Security and Nutrition
Assistance. Retrieved October 14, 2020, from https://www.ers.usda.gov/data-products/agand-food-statistics-charting-the-essentials/food-security-and-nutrition-assistance/
United States Department of Agriculture Economic Research Service. (n.d.). Outlook for U.S.
Agricultural Trade. Retrieved January 13, 2021, from
https://www.ers.usda.gov/topics/international-markets-us-trade/us-agriculturaltrade/outlook-for-us-agricultural-trade/
United States Department of Agriculture Economic Research Service. (2012). U.S. Adult Food
Security Survey Module: Three-stage design, with screeners, 2012. September, 7.
http://www.ers.usda.gov/datafiles/Food_Security_in_the_United_States/Food_Security_S
urvey_Modules/ad2012.pdf
United States Department of Agriculture Economic Research Service. (2019). Interactive charts
and highlights. Washington, DC: USDA ERS; https://www.ers.usda.gov/topics/foodnutrition-assistance/food-security-in-the-us/interactive-charts-and-highlights/.
United States Department of Agriculture Economic Research Service. (2020a). Definitions of
Food Security. https://www.ers.usda.gov/topics/food-nutrition-assistance/food-securityin-the-us/definitions-of-food-security/
United States Department of Agriculture Economic Research Service. (2020b). History &
Background. https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-inthe-us/history-background/
United States Department of Agriculture Economic Research Service. (2020c). Measurement.
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-theus/measurement/#interviews
63

USDA ERS. (2021). USDA ERS - Food Price Outlook. USDA Economic Research Service.
https://www.ers.usda.gov/data-products/food-price-outlook/
Vitaliano, P. P., Scanlan, J. M., Zhang, J., Savage, M. V, Hirsch, I. B., & Siegler, I. C. (2002). A
Path Model of Chronic Stress, the Metabolic Syndrome, and Coronary Heart Disease.
Wang, Y., Lopez, J. M. S., Bolge, S. C., Zhu, V. J., & Stang, P. E. (2016). Depression among
people with type 2 diabetes mellitus, US National Health and Nutrition Examination
Survey (NHANES), 2005-2012. BMC Psychiatry, 16(1), 88.
https://doi.org/10.1186/s12888-016-0800-2
Wattick, R. A., Hagedorn, R. L., & Olfert, M. D. (2018). Relationship between diet and mental
health in a young adult appalachian college population. Nutrients, 10(957), 1–9.
https://doi.org/10.3390/nu10080957
Whitaker, R. C., Phillips, S. M., & Orzol, S. M. (2006). Food insecurity and the risks of
depression and anxiety in mothers and behavior problems in their preschool-aged
children. Pediatrics, 118(3), e859–e868. https://doi.org/10.1542/peds.2006-0239
Wilde, P. E., & Peterman, J. N. (2006). Individual weight change is associated with household
food security status. Journal of Nutrition, 136(5), 1395–1400.
https://doi.org/10.1093/jn/136.5.1395
Wolfson, J. A., Garcia, T., & Leung, C. W. (2021). Food insecurity is associated with
depression, anxiety, and stress: Evidence from the early days of the COVID-19 Pandemic
in the United States. Health Equity, 5(1), 64–71. https://doi.org/10.1089/heq.2020.0059
World Health Organization. (n.d.-a). Fact sheets - Malnutrition. Retrieved January 25, 2021,
from https://www.who.int/news-room/fact-sheets/detail/malnutrition
World Health Organization. (n.d.-b). Nutrition Reports Tracking Tool. Retrieved January 25,
2021, from https://extranet.who.int/nhdtargets/en/WastingMap
World Health Organization. (2017). Depression and Other Common Mental Disorders: Global
Health Estimates.
World Health Organization. (2020). COVID-19 and Food Safety: Guidance for food businesses:
Interim guidance. In COVID-19 and Food Safety: Guidance for food businesses: Interim
guidance. https://doi.org/10.4060/ca8660en
World Integrated Trade Solution. (n.d.). Products Exports by country 2018. Retrieved January
13, 2021, from
https://wits.worldbank.org/CountryProfile/en/Country/WLD/Year/LTST/TradeFlow/Exp
ort/Partner/by-country/Product/Total

64

Zenk, S. N., Schulz, A. J., Israel, B. A., James, S. A., Bao, S., & Wilson, M. L. (2005).
Neighborhood racial composition, neighborhood poverty, and the spatial accessibility of
supermarkets in metropolitan Detroit. American Journal of Public Health, 95(4), 660–
667. https://doi.org/10.2105/AJPH.2004.042150

65

APPENDIX A
INSTITUTIONAL REVIEW BOARD APPROVAL

66

Conceptual Framework

67

APPENDIX B
CONCEPTUAL FRAMEWORK

68

Conceptual Framework

Figure B.1

Conceptual framework for dissertation aims
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Table C.1

US Food Security Survey Module

Item Question
Q1
(I/We) worried whether (my/our) food would run out before (I/we) got
money to buy more.
Q2
The food that (I/we) bought just didn’t last, and (I/we) didn’t have
money to
get more.
Q3
(I/we) could not afford to eat balanced meals.
Q4

Q5
Q6
Q7
Q8
Q9
Q10
Q11

Q12
Q13
Q14
Q15
Q16
Q17
Q18

Response
Often/Sometimes
/Never
Often/Sometimes
/Never

Often/Sometimes
/Never
In the last 12 months, did you or other adults in the household ever cut Yes/No
the size of your meals or skip meals because there wasn't enough
money for food?
If yes to Q4, How often did this happen--almost every month, some
months but not every month, or in only 1 or 2 months?
In the last 12 months, did you ever eat less than you felt you should
Yes/No
because there wasn't enough money for food?
In the last 12 months, were you ever hungry, but didn't eat, because
Yes/No
there wasn't enough money for food?
In the last 12 months, did you lose weight because there wasn't
Yes/No
enough money for food?
In the last 12 months did you or other adults in your household ever
Yes/No
not eat for a whole day because there wasn't enough money for food?
If yes to Q9, How often did this happen--almost every month, some
Yes/No
months, or in only 1 or 2 months?
"We relied on only a few kinds of low-cost food to feed our children
Yes/No
because we were running out of money to buy food." Was that true for
you in the last 12 months?
We couldn't feed our children a balanced meal, because we couldn't
Yes/No
afford that." Was that true for you in the last 12 months?
The children were not eating enough because we just couldn't afford
Yes/No
enough food." Was that true for you in the last 12 months?
In the last 12 months, did you ever cut the size of any of the children's Yes/No
meals because there wasn't enough money for food?
In the last 12 months, were the children ever hungry but you just
Yes/No
couldn't afford more food?
In the last 12 months, did any of the children ever skip a meal because Yes/No
there wasn't enough money for food?
If yes to Q16, How often did this happen--almost every month, some
months, or in only 1 or 2 months?
In the last 12 months did any of the children ever not eat for a whole
Yes/No
day because there wasn't enough money for food?
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Table C.1 (continued)
Questions 1-10 are part of the 10-item US Adult Food Security Survey Module and were asked
of all households. Questions 11-18 are included as part of the 18-item US Household Food
Security Survey Module and were asked of households with children.
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Table D.1

Patient Health Questionnaire-9

Item
Little interest or pleasure in doing things
Feeling down, depressed, or hopeless
Trouble falling or staying asleep, or sleeping
too much
Feeling tired or having little energy
Poor appetite or overeating

Response
Not at
Several
all
days
Not at
Several
all
days
Not at
Several
all
days
Not at
Several
all
days
Not at
Several
all
days
Not at
Several
all
days

More than
half the days
More than
half the days
More than
half the days
More than
half the days
More than
half the days
More than
half the days

Nearly
every day
Nearly
every day
Nearly
every day
Nearly
every day
Nearly
every day
Nearly
every day

Feeling bad about yourself—or that you are
a failure or have let yourself or your family
down
Trouble concentrating on things, such as
Not at
Several More than
Nearly
reading the newspaper or watching
all
days
half the days every day
television
Moving or speaking so slowly that other
Not at
Several More than
Nearly
people could have noticed. Or the
all
days
half the days every day
opposite—being so fidgety or restless that
you have been moving around a lot more
than usual
Thoughts that you would be better off dead, Not at
Several More than
Nearly
or of hurting yourself
all
days
half the days every day
The PHQ-9 asks how often respondents have been bothered by any of the 9 items listed over the
past two weeks. Zero points are awarded for “not at all,” 1 point awarded for “several days,” 2
points for “more than half the days,” and 3 points for “nearly every day.” Scores of 1-4 indicate
minimal depression, scores of 5-9 indicate mild depression, scores of 10-14 indicate moderate
depression, scores of 15-19 indicates moderately severe depression, and scores of 20-27 indicate
severe depression.
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